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(5)  INTRODUCTION 


The  overall  objective  of  this  project  was  to  improve  the  detection  and  treatment  of  breast  cancer  by 
evaluating  vasopressin  gene-related  products  as  tumor  marker  substances  in  hyperplastic  breast  disease,  by 
characterizing  the  nature  and  regulation  of  the  vasopressin  gene  and  its  products  in  breast  cancer,  and  by 
determining  the  potential  usefulness  of  vasopressin  gene-related  products  on  tumor  membranes  as  targets 
for  immunotherapy.  It  sought  to  test  the  hypothesis  that  all  breast  tumors  produce  vasopressin  as  an 
autocrine  growth  factor,  in  situ,  and  that  this  property  can  be  effectively  utilized  not  only  to  elucidate  the 
pathobiology  of  this  cancer,  but  also  to  identify  precancerous  tissue  and  develop  more  successful 
treatments. 

In  hypothalamic  neurons,  vasopressin  gene  expression  leads  to  the  formation  of  a  750  bp  mRNA  and  the 
subsequent  generation  of  a  20  KDa  precursor  that  undergoes  intragranular  enzymatic  processing  to  form 
vasopressin  (VP),  vasopressin-associated  human  neurophysin  (VP-HNP),  and  vasopressin-associated 
glycopeptide  (VAG).  All  three  of  these  products  are  released  into  the  circulation  by  exocytosis.  None  of 
these  products  become  components  of  the  plasma  membrane  of  neurons. 

We  have  shown  that  the  vasopressin  gene  of  chromosome  20  is  expressed  by  apparently  all 
breast  tumors,  but  not  by  normal  breast  tissue  (* North  et  al.,  1995).  This  indicates  that  in  the 
mammary  gland,  the  expression  of  the  vasopressin  gene  is  a  feature  unique  to  tumor  cells,  a  feature 
common  to  all  hyperplastic  tissues,  or  a  feature  shared  only  by  tumor  cells  and  their  progenitors.  The  first 
and  third  of  these  possibilities  raised  the  potential  use  of  this  expression  as  a  marker  of  carcinogenesis, 
and/or  forecaster  of  imminent  disease.  We  therefore  conducted  a  survey  of  the  incidence  of  vasopressin 
gene  expression  in  fibrocystic  disease,  and  this  work  has  been  accepted,  with  modification,  for  publication 
in  Endocrine  Pathology  .  No  evidence  for  gene  expression  could  be  found  for  all  cases  of  fibrocystic 
disease  examined,  including  atypical  intraductal  hyperplasia.  In  our  study,  three  individuals  with  benign 
breast  disease  went  on  to  develop  breast  cancer.  Taken  together,  these  findings  indicate  vasopressin  gene 
expression  is  not  a  marker  of  cellular  proliferation  in  the  breast,  nor  a  marker  of  cancer  progenitor  cells  in 
benign  breast  disease  (*Fay  et  al.,  1997).  This  leads  us  to  the  conclusion  that  vasopressin  gene  expression 
in  the  breast  is  likely  to  be  solely  associated  with  the  process  of  carcinogenesis.  Therefore,  it  would  seem 
the  vasopressin  gene  is  an  oncogenic  marker  of  breast  cancer.  We  have  recently 
confirmed  this  through  studying  vasopressin  gene  expression  in  cases  of  carcinoma  in 
situ  (DCIS).  All  of  12  cases  of  DCIS  studied  showed  a  clear  expression  of  the  vasopressin  gene,  and 
we  are  currently  investigating  the  possibility  of  using  this  finding  to  develop  a  diagnostic  test  for 
distinguishing  atypical  hyperplasia  from  DCIS  (see  Body  of  this  report). 

Expression  of  the  vasopressin  gene  in  breast  cancer  leads  to  the  formation  of  unique 
gene-related  products,  some  of  which  become  associated  with  the  plasma  membrane  of 
tumor  cells.  Because  these  membrane-associated  products  react  with  antibodies  raised  against  human 
vasopressin-associated  glycopeptide  (VAG),  we  have  referred  to  them  as  GRSA  (Glycopeptide  Related 
cell  Surface  Antigen).  Because  they  are  located  at  the  cell  membrane  of  the  tumor  cells,  we  have 
demonstrated  they  can  be  targeted,  in  vitro  ,  with  antibodies  to  VAG.  This  raises  the  possibility  they  can 
be  utilized  for  targeting  tumors  in  patients  through  immunotherapy.  We  have  excellent  indirect  evidence 
that  strengthens  this  possibility.  Breast  cancer  uniquely  shares  the  feature  of  membrane  expression  of 
vasopressin  gene-related  products  with  small-cell  carcinoma  of  the  lung  (SCCL) ,  and  we  have  shown  we 
can  successfully  target  these  products  in  SCCL  patients  using  radioiodinated  and  Indium-labeled 
antibodies  (*North  et.  al,  1989,  *North  and  Yu,  1993). 

What  is  the  nature  of  GRSA?  The  VP  mRNA  and  protein  products  that  arise  in  breast  cancer  through 
expression  of  the  vasopressin  gene  appear  to  be  both  structurally  normal  and  abnormal  (see  Body  of  this 
report).  We  had  anticipated  this  possibility  because  we  (and  others)  have  earlier  shown  that  abnormal  and 
normal  forms  co-exist  in  SCCL  (*North  et.  al,  1983;  Rosenbaum  et.  al,  1990;  *North  and  Yu,  1993). 
There  appear  to  be  two  VPmRNAs  in  both  breast  cancer  and  SCCL.  One  of  these  is  sequentially  almost 
identical  to  that  in  human  hypothalamic  neurons,  while  the  other  is  extended  by  600  base  pairs  at  the  5' 
end  of  the  reading  frame.  The  VPmRNAs  of  both  types  of  tumors  give  rise  to  proteins  of  40  KDa  and  20 
KDa  as  prominent  forms,  although  the  proteins  of  breast  cancer  appear  to  show  some  structural 
differences  to  those  of  SCCL  (*North  et  al.,  1995).  The  20  KDa  form  of  SCCL  is  almost  identical  to  the 
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provasopressin  of  hypothalamic  neurons.  Both  40  KDa  and  20  KDa  proteins  of  SCCL  become 
incorporated  into  the  cell  membrane  as  cell-surface  antigens.  Studies  to  fully  characterize  the  two 
VPmRNAs  of  breast  cancer  are  still  in  being  performed.  We  have  recently  shown  that  both  40 
KDa  and  20  KDa  proteins  of  this  tumor  type  represent  GRSA  at  tumor  cell  surfaces  (see 
Body  of  this  report). 

In  normal  hypothalamic  neurons,  20  KDa  provasopressin  is  processed  by  proteolysis  that  is  thought  to 
involve  at  least  four  enzymes.  That  such  proteolysis  also  occurs  in  breast  cancer  is  evidenced  by  our 
preliminary  findings  that  most  patients  with  breast  cancer  have  inappropriately  high  plasma  levels  of 
vasopressin,  and  elevated  levels  of  VAG  (unpublished  data).  Breast  cancer  can  therefore  be  classified 
as  neuroendocrine  in  nature.  Because  of  this,  we  performed  studies  that  demonstrated  the  presence  of  the 
key  processing  enzymes,  carboxypeptidase  E,  and  prohormone  convertases  PC2  or  PC  1/3,  and  PAM,  in 
the  two  breast  cancer  cell  lines  MCF7  and  ZR-75-1. 

Why  is  vasopressin  produced  by  breast  cancer?  One  answer  to  this  question  is  that  vasopressin 
serves  as  an  autocrine  growth  factor  for  these  tumors.  Vasopressin  is  already  known  to  act  as  a  growth 
factor/growth  modulating  agent  in  SCCL  lines  where  it  promotes  calcium  mobilization  and  clonal  growth 
(Hong  and  Moody,  1991;  Sethi  and  Rozengurt,  1991,  Cassoni  et  al.,  1994,1996,1997).  Over  the  last 
three  years  we  reported  that  vasopressin  can  promote  calcium  mobilization  in  two  breast  cancer  cell  lines, 
ZR-75-1  and  T47D,  and  can  dramatically  influence  the  cytoskeleton  of  ZR-75-1.  These  finding  are 
supported  by  previous  studies  on  a  dimethylbenzathrene-induced  rat  mammary  tumor  (Monaco  et  al., 

1978;  Monaco  et  al.,  1980;  Guilon  et  al.,  1986;  Kirk  et  al.,  1986;  Woods  and  Monaco,  1988),  human 
MCF7  breast  cancer  cells  (Taylor  et  al.,  1990),  and  on  another  breast  cancer  cell  line  (Bunn  et  al.,  1992). 
Choi  et  al.  (1994)  were  also  able  to  show  that  vasopressin  promotes  growth  of  mammary  tumors  in 
transgenic  mice.  These  actions  of  vasopressin  have  prompted  us  to  investigate  the  nature  of  vasopressin 
receptors  on  breast  cancer  cells.  Four  vasopressin  receptors  have  been  identified  in  other  cells  and  have 
been  cloned  (Bimbaumer  et  al.,  1992;  Hirasawa  et  al.,  1994;  Sugimoto  et  al.,  1994;  Thibonnier  et  al., 
1994;  Bumatowska-Hledin  et  al.,  1995,  *Fay  et  al.,  1994,1996;  *North  et  al.,  1997a,1997b).  These  are 
known  as  vasopressin  V^a,  V^,  and  V2,  receptors  plus  vasopressin-activated  calcium-mobilizing 

receptor  (VACM1).  Although  an  investigation  of  vasopressin  receptors  and  the  growth  promotional 
activities  of  vasopressin  may  seem  to  fall  outside  of  intentions  enunciated  in  the  original  proposal,  we 
believe  they  nevertheless  address  the  body  of  the  hypothesis  originally  advanced  in  the  proposal  and  fall 
within  the  goals  of  Technical  objectives  2  and  3.  It  is  believed  that  such  an  investigation  could  not  only 
explain  the  seemingly  universal  expression  of  the  vasopressin  gene  in  breast  tumors,  but  also  lead  to  an 
additional  number  of  effective  therapies.  Therefore,  over  the  course  of  this  year  we  have  now 
completed  the  sequencing  of  the  entire  open  reading  frames  (ORFs)  of  vasopressin  Via, 
Vlb,  and  V2  receptor  mRNAs  of  the  breast  cancer  cell  line  MCF-7  and  have  prepared  a 
manuscript  for  submission  to  the  journal,  Molecular  Endocrinology  (see  Appendix). 

(6)  BODY 

Technical  Objective  1:  Vasopressin  gene-expression  in  breast  hyperplasia  as  a  predictor 
of  cancer  (Task  1  in  Statement  of  Work).Breast  Cancer/Carcinoma  in  situ/hyperplasia. 

This  objective  has  been  satisfied.  We  also  report  on  our  discovery  that  the  vasopressin  gene  is  expressed 
by  all  carcinoma  in  situ  examined  and  the  implications  of  this  finding.  These  recent  findings  have 
not  yet  been  published.  Also,  for  the  sake  of  clarity,  we  include  below  a  summary  of  all  earlier 
reported  findings.  Our  findings  taken  together  show  that  vasopressin  gene  expression  is  a  marker 
of  oncogenic  transformation  in  breast  tissues. 

Breast  Cancer:  We  performed  immunohistochemistry  on  19  breast  cancers  representing  a  variety  of 
tumor  subtypes  using  antibodies  directed  against  different  moieties  of  the  vasopressin  precursor  structure 
as  indicated  in  Figure  1,  below.  These  comprised  rabbit  polyclonal  antibodies  that  recognize  arginine 
vasopressin  (anti-VP),  the  tripeptide  bridge  region  of  the  precursor  (anti-Pro VP),  and  the  carboxyl  region 
of  vasopressin-associated  human  glycopeptide  (anti-VAG);  and  mouse  monoclonal  antibodies  that 
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recognize  an  amino  terminal  portion  of  vasopressin-associated  human  neurophysin  (anti-VP-HNP). 
Western  Blot  analysis  was  performed  on  protein  extracts  from  an  additional  12  breast  tumors. 


Ini 


In2 


DNA 


Protein 

Antibody 


anti-VP-HNP 

Figure  1 .  Illustration  depicting  the  structures  of  the  vasopressin  gene  and  protein  precursor.  Regions  of  the 
precursor  are  blocked  out  against  which  Abs,  used  in  immunohistochemistry  of  breast  cancer,  are  directed. 


As  shown  in  Table  1,  while  VP-related  proteins  were  not  detected  in  normal  breast  tissues, 
immunohistochemistry  revealed  the  presence  of  VP  and  VAG  in  all  neoplastic  cells  of  all  tumor  tissues 
examined.  Pro  VP  was  evident  in  1 1  of  14  tumors  while  VP-HNP  was  evident  in  only  one  of  19  tumors 
examined. 


Table  1.  Presence  of  vasopressin  gene  related  products  in  human  breast  cancer 


cancer  subtype 

VP  gene  related  antigens* 

VP 

Pro  VP 

VP-HNP 

VAG 

Infiltrating  ductal 

na 

na 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

4- 

+ 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

- 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

na 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

- 

- 

+ 

Infiltrating  ductal 

+ 

- 

- 

+ 

Colloid 

+ 

+ 

- 

+ 

Colloid 

+ 

na 

_ 

+ 

Colloid 

+ 

+ 

- 

+ 

Colloid 

+ 

+ 

- 

+ 

Infiltrating  tubular 

+ 

na 

- 

+ 

Infiltrating  tubular 

+ 

- 

+ 

Infiltrating  lobular 

+ 

na 

- 

+ 

Total  positive 

18/18 

11/14 

1/19 

19/19 

*Positive  (+)  or  negative  (-)  immunoreactivity  using  antibody  preparations  and  the  ABC  procedure, 
na  =  not  attempted. 
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However,  Western  blot  analysis  for  all  12  fresh-frozen  tumor  samples  showed  the  presence  of  two 
proteins  of  42  KDa  and  20  KDa,  that  were  both  immunoreactive  with,  not  only  antibodies  against  VP  and 
VAG,  but  also  those  against  VP-HNP  (anti-Pro VP  were  not  used).  The  vasopressin  precursor  of 
hypothalamic  tissues  is  20  KDa  in  size.  These  findings  provided  evidence  that  the  vasopressin  gene  is 
expressed  as  a  selective  feature  of  all  breast  cancers.  This  expression  apparently  gives  rise  to  an 
abnormally  large  vasopressin-related  protein,  and  one  protein  of  normal  size  with  possible  modifications 
in  the  neurophysin  region  making  it  less  immunoreactive  with  anti- VP-HNP.  Both  proteins  represent 
potential  markers  for  tumor  detection  and  potential  targets  for  immunotherapy. 

Fibrocystic  Disease:  In  order  to  examine  if  vasopressin  gene  expression  was  a  possible  predictor  of 
disease,  we  performed  a  survey  of  the  incidence  of  vasopressin  gene  expression  in  fibrocystic  disease,  and 
this  work  has  now  been  accepted,  pending  revision,  for  publication  in  Endocrine  Pathology.  In  this  study, 
we  used  immunohistochemistry  and  antibodies  against  vasopressin  (anti- VP)  and  vasopressin-associated 
glycopeptide  (anti-VAG)  to  examine  formalin-fixed  biopsy  specimens  taken  from  17  patients,  with 
various  forms  of  benign  breast  disease,  who  were  seen  at  Dartmouth  Hitchcock  Medical  Center  between 
1975  and  1984.  These  specimens  were  selected  without  any  knowledge  of  follow-up,  and  included  4 
cases  of  atypical  ductal  hyperplasia,  6  cases  of  fibrocystic  disease  with  intraductal  hyperplasia,  2  cases  of 
fibrocystic  disease  with  papilloma,  1  case  of  fibrocystic  disease  with  bilateral  mammary  hyperplasia,  and  4 
cases  of  typical  fibrocystic  disease.  Diagnosis  from  pathology  reports  was  confirmed  by  examining 
hematoxylin-  and  eosin-stained  sections.  The  results  of  these  studies  are  illustrated  in  Table  2,  and 
demonstrate  that  in  all  cases  of  benign  breast  disease  examined  there  was  negative  staining  for  both 
vasopressin  and  vasopressin-associated  glycopeptide.  They  indicate  that  the  vasopressin  gene  is  not 
expressed  in  benign  breast  disease,  and  this  is  in  dramatic  contrast  to  what  was  found  for  human  breast 
carcinoma  using  these  same  antibodies  (Table  1).  At  the  completion  of  the  study,  it  was  discovered  that 
three  of  the  individuals  with  benign  breast  disease  went  on  to  develop  breast  carcinoma.  Although 
preliminary,  these  data  taken  together  indicate  that  (i)  expression  of  vasopressin  gene  related  products  is 
not  a  marker  of  cellular  proliferation  in  the  breast,  (ii)  expression  of  vasopressin  gene-related  products  is 
associated  with  the  process  of  carcinogenesis,  and  (iii)  expression  of  vasopressin  gene-related  products  is 
not  a  marker  of  precancerous  cells  in  benign  breast  disease. 

Table  2.  Absence  of  vasopressin  gene-related  products  from  benign  breast  fibrocystic  conditions 


Subtype  VP  gene-related  antigens* 


VP  VAG 


Fibrocystic  Disease 
Fibrocystic  Disease 
Fibrocystic  Disease 
Fibrocystic  Disease 

Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Papilloma 
Fibrocystic  Disease  with  Intraductal  Papilloma 
Fibrocystic  Disease  with  Bilateral  Mammary  Hyperplasia 

Total  Positive  0/16  0/16 


*Positive  (+)  or  negative  (-)  immunoreactivity  using  ABC  immunohistochemistry 
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Carcinoma  in  situ:  We  used  immunohistochemistry  with  anti-VAG  antibodies  to  examine  vasopressin 
gene  expression  in  pre-invasive  carcinoma.  Blocked  out  biopsy  samples  of  twelve  cases  of  carcinoma  in 
situ,  six  of  which  have  been  clearly  identified  as  being  of  the  comedo  variety  with  abnormal  cells  and 
extensive  necrotic  areas,  were  investigated.  All  twelve  cases  (Table  3)  showed  positive  staining  with  anti- 
VAG  demonstrating  for  this  small  sampling  that  vasopressin  gene  expression  is  commonly  associated  with 
breast  carcinoma  in  situ  (Figure  2).  Of  the  DCIS  samples,  the  comedo  variety  gave  the  most  intense 
staining. 

Table  3.  Presence  of  vasopressin  gene-related  products  in  carcinoma  in  situ 


Subtype 

VP  gene-related  antigen* 

VAG 

Carcinoma  in  situ,  non-comedo 

+ 

ti 

+ 

n 

+ 

it 

4* 

it 

+ 

m 

+ 

Carcinoma  in  situ,  comedo 

+ 

n 

+ 

li 

+ 

ii 

+ 

n 

+ 

n 

+ 

Total  Positive 

12/12 

*Positive  (+)  or  negative  (-)  immunoreactivity  using  ABC  immunohistochemistry 


Figure  2.  Carcinoma  in  situ  stained  using  the  ABC  immunohistochemical  method  with  Abs  against  VAG 

The  above  results  indicate  that  ABC  immunohistochemistry  with  our  antibodies  to  VAG  can  clearly 
distinguish  atypical  ductal  hyperplasia  from  carcinoma  in  situ,  a  distinction  currently  difficult  to  make 
using  other  available  methods.  This  distinction  is  important  because  a  diagnosis  of  atypical  hyperplasia  has 
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no  follow-up,  while  carcinoma  in  situ  is  generally  followed-up  with  ablative  surgery.  We  are  therefore 
intending  to  further  test  this  finding  by  embarking  on  a  screening  study  that  will  compare  evaluation  by 
histochemical  analysis  alone  with  an  evaluation  that  uses  both  histochemistry  and  VAG 
immunohistochemistry. 

Technical  Objective  2:  Characterization  of  vasopressin  gene  expression  by  breast  cancer 
cells  (Tasks  2  and  3  in  Statement  of  Work). 

The  data  discussed  in  this  section  are  largely  unpublished. 


DNA  51 


A2 

A1 


A3 


Ini 


B1 


S 


ex  A 


ex  B 


In2 


ex  C 


Br 


CO 


Structure  of  Human  vasopressin  gene  and  locations  of  some  designed  PCR  primers 

Figure  3 

We  have  established  for  breast  cancer  cells  that  there  is  abnormal,  in  addition  to  normal,  production  of 
vasopressin.  Abnormal  protein  forms  constituting  GRSA  might  to  be  generated  from  one  normal  and  one 
abnormal  gene.  RT-PCR,  cloning,  and  sequencing  studies  on  messages  from  the  vasopressin  gene  of 
MCF7,  T47D,  and  ZR-75-1  cells  have  now  shown  that  there  appear  to  be  at  least  two  VPmRNAs 
expressed  in  breast  cancer,  one  from  a  'normal'  gene  and  the  product  of  normal  splicing,  the  second  either 
from  a  'normal'  gene  and  the  product  of  alternate  splicing  or  from  an  abnormal  gene  having  insertions  in 
exon  A  .  The  ten  primers  used  in  studies  are  illustrated  in  the  figure  above  and  described  in  the  following 
table :. 

Table  4.  Forward  and  reverse  primers  designed  for  RT-PCR  amplification  of  human  vasopressin  gene 
fragments  from  human  breast  cancer  cells 


Forward  primer 

Length 

Nucleotides 

Exon 

Sequence 

A1 

21 

269-289 

1 

5  ’  -cttctcctccgcgtgctactt-3  ’ 

A2 

18 

269-286 

1 

5  ’  -cttctcctccgcgtgcta-3  ’ 

A3 

21 

321-341 

1 

5  ’  -atgtccgacctggagctgaga-3  ’ 

IN 

21 

1504-1524 

intron  1 

5  ’  -gtcatccaagaaaccaaggtg-3  ’ 

B1 

25 

1751-1775 

2 

5  ’  -tgcttcgggcccagcatctgctgcg-3  ’ 

B2 

22 

1830-1851 

2 

5  ’  -tgccaggaggagaactacctgc-3  ’ 

Reverse  primer 

INR 

20 

1517-1536 

intron  1 

5  ’  -agatctgctcggcaccttgg-3  ’ 

Br 

22 

1830-1851 

2 

5  ’  -gcaggtagttctcctcctggga-3  ’ 

C 

22 

2152-2173 

3 

5  ’  -agcaacgccacgcagctggacg-3’ 

CO 

25 

2231-2255 

3 

5  ’  -taggcgtcgggctgggcgggctcga-3  ’ 

Normal-sized  VPmRNA  fragments  of  313  bp  using  A3C  were  obtained  from  three  cell  lines.  These  have 
been  partially  sequenced  and  shown  to  have  a  sequence  very  similar  to  the  VPmRNA  found  in 
hypothalamic  neurons.  We  also  isolated,  and  successfully  reamplified  (but  have  not  yet  sequenced)  an 
RT-PCR  product(s),  from  all  three  cell  lines  using  the  specific  primers  A1  and  C,  that  is  600  bases  larger 
than  that  predicted  from  the  structure  of  VPmRNA.  Such  a  structure  could  represent  a  VPmRNA  that  have 
retained  a  600  base  portion  of  intron  1  through  alternative  splicing  (the  entire  intron  1  segment  contains 
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1373  bases).  If  the  5'  sequence  of  the  product  confirms  it  translates  a  protein  with  the  N-terminus  of 
provasopressin,  it  will  offer  one  explanation  for  the  40,000  dalton  species  of  breast  cancer  because  an 
extra  600  bases  represents  an  additional  200  amino  acid  residues.  Adding  200  amino  acid  residues  to  the 
20,000  dalton  provasopressin  would  give  a  protein  of  40,000  daltons.  Since  antibodies  recognize  the  exon 
B  (at  least  in  Western  analyses)  and  exon  C  regions  of  the  protein  (North  et  al.,  1995)  the  intronic 
insertion  would  not  apparently  cause  a  reading  frame  shift.  The  structure  of  the  enlarged  form  will  now  be 
checked  through  reamplification  using  both  A2  and  C  primers,  and  A3  and  C  primers.  If  the  additional 
600  bases  in  A1C  are  from  intron  1,  we  expect  in  all  cases,  reamplified  products  that  are  approximately 
600  bases  larger  than  predicted  from  normal  VPmRNA.  However,  if  products  of  normal  size  are  produced 
this  will  suggest  the  enlarged  form  represents  an  abnormal  vasopressin  gene  having  a  600  base  insertion 
in  the  exon  A  region.  This  insertion  would  be  between  bases  corresponding  to  the  vasopressin  and 
neurophysin  structures.  Structures  A2  and  A3  are  only  separated  by  35  bases  in  normal  VPmRNA.  While 
a  definitive  answer  regarding  the  enlarged  form  will  be  best  provided  through  cloning  and  DNA 
sequencing,  the  planned  exercise  will  enable  us  to  eliminate  the  possibility  of  alternative  co-existing  forms. 
Use  of  primers  Bl,  B2,  C  and  Co  will  likewise  enable  us  to  discover  if  forms  extended  in  the  exon  B 
and/or  exon  C  region  exist  is  breast  cancer  cells  (as  found  by  us  in  SCCL),  while  use  of  the  forward  IN 
and  reverse  INR  primers  will  allow  us,  when  used  with  B  and  A  primers,  to  obtain  shortened  RT-PCR 
products  for  sequencing  if  regions  of  intron  1  are  indeed  included  in  the  abnormal  VPmRNA  structure.  All 
of  these  primers  have  already  be  used  somewhat  successfully  by  us  in  sequencing  VPmRNA  forms  from 
SCCL  (unpublished).  However,  two  abnormal  VPmRNA  structures  found  by  us  for  SCCL  have  recently 
been  entered  into  the  GENEbank  with  accession  numbers 

We  have  also  made  efforts  to  perform  Edman  sequencing  on  purified  samples  of  GRSA  proteins. 
We  have  decided  to  concentrate  our  studies  on  protein  obtained  from  the  cell  line  MCF-7  and  used  these 
cultured  cells  as  the  protein  sources.  Purification  employed  pH-salt  separations,  molecular  sieve 
chromatography,  and  affinity  chromatography  on  columns  of  Antivasopressin-Sepharose.  Our 
antivasopressin  monoclonal  antibody,  DENI,  was  used  to  generate  such  an  affinity  resin.  Protein  mixes 
from  affinity  chromatography  were  S-alkylated  and  then  separated  using  SDS-PAGE.  We  then  intended 
performing  solid-phase  sequencing.  However,  both  20  KDa  and  40  KDa  proteins  appeared  to  have 
blocked  N-terminal  residues,  so,  as  yet,  no  sequence  information  could  be  found  for  GRSA  proteins  using 
this  approach. 

PCR  studies  on  DNA  preparations  from  breast  cancer  cell  lines  have  also  been  conducted  using  a  mixture 
of  specific  primers  for  the  vasopressin  gene  and  oxytocin  genes.  This  is  because  a  published  study  (Morris 
et  al.,  1995)  has  indicated  that  some  hypothalamic  neurons  in  rats  can  express  protein  products  that  are  a 
composite  of  provasopressin  and  pro-oxytocin  through  a  cross-over  between  the  vasopressin  and  oxytocin 
genes  on  chromosome  20.  We  have  established  that  there  is  no  evident  cross-over  between 
the  vasopressin  and  oxytocin  genes  in  breast  cancer. 

Studies  were  also  performed  that  examined  sub-cellular  trafficking  in  ZR-75-1  breast 
cancer  cells  (unpublished  data). 

Sucrose-gradient  sub-fractionation  of  these  cells  (108  cells/batch)  was  carried  out  and  an  evaluation 
conducted  by  Western  analysis  and  by  RIA  (VP,  VP-HNP,  VAG).  This  evaluation  revealed  that 
approximately  80%  of  both  the  20  KDa  and  40  KDa  proteins  are  located  in  the  plasma  membrane.  Of  the 
remaining  20%,  most  (90%)  is  found  outside  secretory  granules,  and  approximately  10%  is  within  these 
granules.  The  procedures  employed  were  found  by  us  to  preserve  granules  from  hypothalamic  neurons 
with  >90%  of  vasopressin  gene-related  products  located  in  the  granular  fraction.  Hence,  either  the 
granules  of  breast  cancer  are  more  susceptible  to  rupture,  or  only  a  small  percentage  (<  2%)  of  translated 
protein  is  potentially  processed  to  active  hormone  within  these  granules  and  then  secreted.  This  implies 
that  packaging  is  limited  and  most  protein  in  breast  cancer  cells  is  destined  for  agranular  targeting  to  the 
plasma  membrane.  Both  20  KDa  and  40  KDa  proteins  were  found  in  the  granular  fraction  of  cells.  This 
indicates  that  the  40  KDa  product  shows  a  capacity  similar  to  the  20  KDa  product  to  be  packaged  in  the 
Golgi  apparatus.  This  study  indicates  that  the  limited  processing  of  20  KDa  and  40  KDa  vasopressin 
gene-related  proteins  in  breast  cancer  is  largely  due  to  limited  packaging  of  translated  material,  rather  than 
to  an  absence  of  processing  enzymes.  An  almost  identical  trafficking  pattern  was  found  for  SCCL  cells  in 
culture  and  reported  on  last  year. 


The  breast  cancer  cell  lines  MCF7  and  ZR-75-1  were  examined  for  the  expression  of  mRNAs  for  the 
processing  enzymes  carboxypeptidase  E  (CPE),  prohormone  convertases  PC2  and  PCI  (or  PC3),  and 
PAM,  using  RT-PCR,  cloning,  and  sequencing.  These  studies  have  been  submitted  for 
publication.  The  primer  pairs  used  in  these  studies  are  depicted  in  figure  below. 


A.  5' 


B.  5' 


C.  5' 


atgggaatgaggctgttgggac 

Human  CPE,  2443bp 

* 

631-651 — ► 

405bp 

1015-1035 

catggagattggcagaaagca 

tacttgcaagataccaggatg 

Human  PC1/PC3,  5037bp 

540-600 — ► 

T«bp 

^—1162-1182 

gatggagatggtgtagatgct 

gatcctctttttacaaagcagtgg 

Human  PC2,  2223bp 

—  3' 

454-477- 


880bp 


■1312-1335 

ggtgagcacagtcagatgctgcat 


-3' 


D. 


5' 


tagcctgctagttctccttg 


Human  PAM,  3748bp 


206-225 


560bp 


I — 747-766 
tgtggcagacgtgtgaggtg 


■3' 


Primers  designed  for  amplification  cDNA  fragments  of  carboxypeptidase 
E(CPE)(A),  prohormone  convertases(PC)l/3(B),  PC2(C)  and  peptidylglycine 
alpha-amidating  monooxygenase(PAM)(D)  from  breast  cancer  cell  line  MCF-7. 

RT-PCR  studies  on  CPE  provided  amplified  products  of  the  size  predicted  from  previously  published 

studies  on  anterior  pituitary  cells  using  polyA+RNA  from  both  cell  lines.  These  products  for  MCF-7  were 
reamplified,  cloned  and  sequenced  to  provide  structures  identical  to  those  published  for  this  enzyme.  In 

RT-PCR  studies  on  PC2  we  have  so  far  only  been  able  to  amplify  a  product  using  polyA+RNA  from 
MCF7.  We  then  investigated  if  mRNA  for  PCI/3  was  expressed  in  MCF7  and  ZR-75-1.  However,  RT- 
PCR  failed  to  show  that  this  mRNA  was  expressed  in  either  cell  line.  We  subsequently  performed 
RT-PCR  for  the  enzyme  employing  the  more  sensitive  'platinum'  Taq  polymerase  and 
were  then  able  to  demonstrate  the  enzyme  PC  1/3  is  expressed  by  MCF-7  cells.  The 
expression  of  all  these  enzymes  by  breast  cancer  have  now  been  confirmed  using 
available  antibodies  against  CPE,  PCI,  PC2,  and  PAM  in  Western  analysis.  These 
antibodies  were  provided  to  us  through  the  generosity  of  Dr.  Lloyd  Fricker  of  Albert 
Einstein  Medical  School,  and  of  Drs.  Betty  Eiper  and  Richard  Mains  of  Johns  Hopkins. 
Our  results  therefore  show  that  at  least  four  of  the  enzymes  necessary  for  processing  provasopressin  to 
active  hormone,  neurophysin,  and  glycopeptide,  are  present  in  some  breast  cancer  cell  lines.  This  finding 
confirms  conclusions  expressed  above  that  a  failure  of  breast  cancer  cells  to  process  vasopressin  precursor 
proteins  in  the  same  manner  or  extent  as  central  neurons  is  probably  due  to  differences  in  sub-cellular 
packaging  rather  than  to  an  absence  of  any  of  the  enzymes  necessary  for  processing. 
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Technical  Objectives  3:  Identification  of  factors  regulating  the  production  of  GRSA  by 
breast  cancer;  and 

4:  Determination  of  the  binding  properties  for  antibodies  of  GRSA  and  other 
vasopressin  gene-products  at  tumor  cell  surfaces  (Tasks  4  and  5  of  Statement  of  Work). 

We  decided  during  this  last  year  of  no-cost  extended  funding  not  to  pursue  studies  designed  to  examine 
vasopressin  gene  regulation  in  breast  cancer  cells  that  would  satisfy  technical  objective  3.  This  is  because 
we  are  of  the  opinion  our  findings  for  small-cell  carcinoma  probably  also  hold  for  breast  cancer,  and  these 
finding  indicate  that  at  least  1Kb  of  normal  promoter  region  for  the  vasopressin  gene  is  upstream  of  this 
gene  in  cancer  cells  (North,  1999).  It  then  follows  all  of  the  transcriptional  elements  known  to  regulate 
expression  by  hypothalamic  neurons  are  present  and  capable  of  a  similar  regulation  within  breast  cancer 
cells  in  vitro.  However,  we  have  also  shown  (North,  1991)  that  vasopressin  production  by  cancer  cells  in 
patients  is  seemingly  autonomous,  or  at  least  largely  unregulated.  This  suggests  findings  on  regulation 
from  cell  culture  would  not  have  direct  relevance  to  tumors  in  patients.  We  are  currently  investigating  the 
reasons  for  in  vitro/in  vivo  differences  with  SCCL  cell  lines  as  part  of  another  project  (North,  1999). 
During  this  final  year  of  funding  we  also  decided  not  to  examine  binding  to  tumor  cell  surfaces  with  our 
current  polyclonal  antibodies  against  vasopressin  gene-products  (Task  5,  Statement  of  Work),  but  felt  our 
time  and  effort  would  be  better  served  by  generating  monoclonal  antibodies  to  vasopressin-associated 
human  glycopeptide  (anti-VAGs)  and  evaluating  these  antibodies  for  possible  tumor  targeting.  We  are 
happy  to  report  we  were  successful  in  generating  four  such  antibodies  (three  IgGl  and  one  IgG2b).  All 
four  antibodies  have  been  shown  to  identify  both  20  Kda  and  40  Kda  GRSA  proteins  of  breast  cancer  in 
Western  analysis,  and  they  will  now  be  tested  for  binding  to  the  surface  of  viable  tumor  cells.  We  also 
devoted  considerable  effort  into  developing  and  standardizing  methods  for  converting  our  monoclonal 
antibodies  into  Fab  fragments,  attaching  DTPA  chelating  groups,  and  isolating  products  is  pure  form. 
Methods  include  affinity  purification  of  the  antibodies,  ficin  cleavage  of  the  reduced  protein,  Protein  A 
affinity  isolation  of  Fab  product,  reaction  of  the  product  with  DTPA  anhydride,  and  isolation  of  the  DTPA- 
labeled  Fab  fragment  using  an  antigen  affinity  column.  While  DTPA-Fab  forms  of  our  antibodies  will  first 
be  used  to  examine  targeting  of  99Tc  to  tumors  in  mice,  all  of  these  studies  with  monoclonal  antibodies  are 
aimed  at  moving  our  basic  research  findings  over  to  patient  care.  Funding  has  been  requested  for  such 
translational  research. 

Cloning  of  a  novel  calcium-mobilizing  receptor  from  cancer  cells  (NCI  H146  SCCL 
cells  and  MCF7  breast  cancer  cells) 


Three  years  ago  we  described  our  ability  to  demonstrate,  for  breast  cancer  cells,  the  expression  of  mRNA 
for  the  novel  vasopressin  receptor,  called  YACM,  using  RT-PCR  and  primers  designed  from  the  structure 
of  the  rabbit  form  of  this  protein.  Since  that  time  the  structure  of  a  human  clone  of  VACM  from  placenta 
was  published  by  a  British  research  team  (Byrd  et  al.,  1997,  Stankovic  et  al.,  1997).  In  order  to  study  the 
role  of  this  putative  receptor  in  breast  cancer,  we  generated  a  cDNA  clone  from  human  cancer  cells.  Initial 
efforts  were  focused  on  the  small-cell  carcinoma  cell  line  NCI-H146,  because  we  had  obtained  signal 
transduction  data  the  presence  of  functional  VACM  protein  in  these  cells.  However,  we  then  obtained  5' 
and  3'  RACE  products  covering  the  entire  open  reading  frame  of  mRNA  for  the  protein  from  MCF7  breast 
cancer  cells.  The  primers  employed  in  RACE  are  given  in  Table  6,  below: 


TABLE  6:  Primers  used  for  5'  and  3'  RACE  of  VACM  from  MCF7  breast  cancer  cells 


3'-PCR  RACE  primers 

1432(forward) 

5’ 

gaa-tgg-cta-aga-gaa-gtt-ggt-atg  3' 

138  (reverse) 

5' 

ttg-ttt-ttg-taa-ggt-aag-gca-gag  3' 

5'-PCR  RACE  primers 

5'  ATG  (forward) 

5’ 

tcc-aag-tta-aag-aac-atg-gcg  3' 

2082  (reverse) 

5' 

tct-tct-ctc-atc-ctt-tct-gta-gtg  3' 
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The  isolated  VACM  clone  for  NCI-H146  contains  an  open  reading  frame  of  2,343  nucleotides  and 
encodes  a  protein  of  a  predicted  size  of  781  amino  acids.  Analysis  programs  failed  to  identify 
hydrophobicity  regions  of  sufficient  confluence  to  classify  them  as  transmembrane  regions.  The  following 
motifs  were  identified  to  be  present  in  the  protein  structure:  two  protein  kinase  A  phosphorylation  domains 
(Thr  427  and  Ser  731);  15  protein  kinase  C  phosphorylation  domains;  a  Tyrosine  phosphorylation  domain 
(Tyr  207);  two  myristoylation  sites  between  residues  180  and  185,  and  664  and  669;  and  three 
glycosylation  sites  at  Asn  145,  Asn  289,  and  Asn  566.  Although  these  findings  are  unpublished  we 
have  recently  submitted  a  manuscript  on  the  structure  of  HVACM  in  H146  cells.  Our  cDNA  sequence 
for  what  we  are  now  referring  to  as  HVACM  from  human  cancer  cells  has  been 
submitted  to  the  GENEbank  by  us  and  has  been  assigned  the  accession  number 
AF017061.  A  complete  copy  of  the  GENEbank  submission  is  included  in  the  appendix  of  this  progress 
report.  The  availability  of  cloned  HVACM  should  now  allow  us  to  examine  in  detail  the  expression  of  this 
putative  vasopressin  receptor,  and  determine  its  role  in  the  vasopressin-induced  mitogenesis  of  breast 
cancer.  We  have  also  had  antibodies  made  to  HVACM,  and  these  will  be  used  to  examine  the  incidence 
and  distribution  of  the  protein  in  breast  cancer  from  our  archival  library.  We  recently  determined 
expression  of  HVACM  by  normal  tissues  using  immunohistochemistry. 

Vasopressin-induced  phosphorylation  (activation)  of  mitogen-activated  protein  kinase 
(MAPK). 

We  earlier  reported  that  vasopressin  can  activate  MAPK  in  breast  cancer  cells,  and  we  have  recently  tried 
to  provide  quantitative  data  on  MCF7  breast  cancer  cells  using  a  fluorescence  Western  Blot  procedure  from 
ECL  with  a  Molecular  Dynamics  Fluorimager.  Two  antibodies  preparations  employed  recognize  dually 
phosphorylated  MAPK  p42/p44  (activated  MAPK),  and  MAPK  regardless  of  phosphorylation  status. 
Treatments  with  vasopressin  and  a  vasopressin  VI  antagonist  for  5  and  15  minutes  were  compared  with 
controls  using  Imagequant  software.  Data  obtained  support  an  increase  in  MAPK  activation  at  5  minutes, 
but  not  at  15  minutes,  and  this  increase  could  only  be  demonstrated  for  the  p44  MAPK  isoform.  These 
data  have  not  yet  been  published. 

Sequencing  of  the  vasopressin  VI  and  V2  receptor  subtypes  of  breast  cancer  cells. 

We  earlier  reported  on  the  presence  of  vasopressin  Vla,  V  lb,  and  V2  receptors,  and  oxytocin  receptors  in 
breast  cancer  cell  lines  BT  549,  MCF7,  MDA,  MB-231,  T47D,  and  ZR-75  using  specific  primers  and  RT- 
PCR.  We  have  now  obtained  sequences  for  the  entire  open  reading  frames  (ORFs)  of 
mRNAs  for  the  all  vasopressin  receptors  (three  normal  and  one  abnormal)  for  the  MCF- 
7  and  ZR-75  breast  cancer  cell  lines.  Complete  sequence  information  on  the  open 
reading  frames  of  all  of  these  receptors  produced  by  small-cell  carcinoma  of  the  lung 
were  earlier  published  and  submitted  to  the  Genebank  with  accession  numbers 
AF030625,  AF030512,  AF030626,  and  AF032388.  We  have  now  entered  our  breast 
cancer  data  into  the  Genebank  under  accession  numbers  AF101725,  AF101726, 
AF101727,  and  AF101728  .  This  breast  cancer  receptor  data  has  now  been  published 
(North,  Fay,  Du,  1999). 

Using  forward  and  reverse  primers  selected  to  provide  overlapping  sequences  covering  the  entire 
open  reading  frames  (ORFs)  of  vasopressin  Via,  and  Vib  mRNAs,  RT-PCR  of  poly(A)+  RNA 
preparations  from  MCF-7  cells  yielded,  in  each  case,  a  single  product  of  the  expected  size  predicted  from 
the  cDNA  for  the  human  forms  of  these  receptors  derived  from  liver  (Thibonnier  et  al.,  1994)  or  blood 
vessels  (Hirasawa  et  al.,  1994),  from  pituitary  (Sugimoto  et  al.,  1994;  de  Keyzer  et  al.,  1994);  and  from 
small-cell  lung  cancer  (North  et  al.,  1998).  All  of  the  products  were  generated  from  RNA  and  not  DNA 
template  because  no  intronic  segments  that  these  products  spanned  were  evident.  The  product  obtained  for 
the  Via  receptor  (1472  bp),  and  the  three  obtained  for  the  Vib  receptor  are  shown  in  the  figure  below. 
However,  RT-PCR  with  forward  and  reverse  primers  selected  to  obtain  overlapping  sequences  covering 
the  entire  sequence  of  vasopressin  V2  mRNA  gave  not  only  normal  products  (Bimbaumer  et  al.,  1993), 
but  also  one  abnormally  sized  product.  The  abnormal  form  was  obtained  as  a  second  product  when 
primers  spanning  intron  2  were  used  and  was  larger  by  the  size  of  this  intron  (~100  bp)  than  the  size  of 
862  bp,  predicted  from  the  structure  of  V2  receptor  mRNA.  A  similar  product  was  earlier  reported  by  us 
to  be  a  product  of  small-cell  lung  cancer  (North  et  al.,  1998).  Cloning  and  sequencing  of  Via  and  V ib 
related  products,  and  V2  related  products  of  predicted  size,  showed  them  to  collectively  provide  a  complete 
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characterization  of  human  Via  mRNA  for  the  MCF-7  breast  cancer  cell  line  from  -23  at  the  5'  end  (23 
bases  prior  to  the  reading  frame)  through  1224  at  the  3'  end  (18  bases  beyond  the  reading  frame),  for  Vib 
mRNA  from  123  bases  beyond  the  5'  end  to  52  bases  beyond  the  3'end,  and  for  V2  mRNA  from  32 
bases  beyond  the  5'end  to  53  bases  beyond  the  3'  end.  The  sequences  for  the  vasopressin  Vi  receptor 
mRNAs  had  exact  sequence  homology  with  the  sequence  of  human  V ia  mRNA  and  the  sequence  of 
human  Vib  mRNA  published  earlier  by  us  and  others  (North  et  al.,  1998;  Thibonnier  et  al.,  1994; 
Sugimoto  et  ah,  1994;  de  Keyzer  et  ah,  1994).  One  sequence  of  human  V2  receptor  mRNA  from  breast 
cancer  cells  was  identical  to  that  published  by  us  and  others  for  normal  human  tissues  (Fay  et  ah,  1996  ; 
Bimbaumer  et  ah,  1993).  Additionally,  an  enlarged  product  of  the  V2  receptor  was  found  to  contain  the 
entire  106  bases  of  intron  2  in  addition  to  sequence  for  V2  mRNA. 
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5'  — i 


Via  receptor 
VlamRNA,  1472bp 


- AAA  3' 


AlC=1281bp 


Al,  5'-cgagyaggagcygcayggac-3f 
C,  5'-gttgcatgaatgcaaggc-3' 


Figure  8:  RT-PCR  primers  and  products  of  vasoprt 
receptors  in  MCF-7  breast  cancer  cells 


Vlb  receptor 


5’ 

1276  bp 

— 

f5r5= 

f4r0= 

fO,  5'-tccctgtcattctcaacgct-3' 
f5, 5'-cgctacctggctgtctgtcac-3' 
f4, 5'-ccaatgtggctttcaccatc-3' 
r3, 5'-gaagacttgagggaggct-3' 
r5, 5'-ctgttgaagcccatgtagatc-3' 
rO,  5’-cagagaacctccactagtcc-3' 


Figure  8:  RT-PCR  primers  and  products  of  vasopressin 
receptors  in  MCF-7  breast  cancer  cells 
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5'- 


V2  receptor 


TGA 


Exonl 

25bp 


Exon  2 
885bp 


Exon  3 
203bp 


AlF=817bp 


CD=862bp 


Al,  5'-caggccctcagaacacctgc-3' 
F,  5'-cacgtgggctccctcaccggg-3' 

C,  5'-atgctcatggcgtccaccac-3’ 

D,  5'-ggaaggcagctgagcttctc-3' 


Figure  8:  RT-PCR  primers  and  products  of  vasopressin 
receptors  in  MCF-7  breast  cancer  cells 
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(7)  KEY  RESEARCH  ACCOMPLISHMENTS 


•  Discovered  most  likely  all  breast  cancers  express  the  vasopressin  gene 

•  Discovered  normal  breast  tissue  and  breast  fibrocystic  conditions  are  not  associated 
with  vasopressin  gene  expression 

•  Discovered  most  likely  all  carcinoma  in  situ  express  the  vasopressin  gene 

•  Concluded  vasopressin  gene  expression  is  part  of  the  oncogenic  process  in  breast, 
and  can  be  potentially  used  in  a  new  screening  method  for  distinguishing  carcinoma 
in  situ  from  atypical  ductal  hyperplasia 

•  Discovered  vasopressin  gene  expression  leads  to  formation  of  20  Kda  and  40  Kda 
surface  markers  we  have  named  GRSA  that  can  be  potentially  used  to  as  targets  for 
immunotherapy  and  immunodiagnosis.  One  of  these  is  provasopressin 

•  Developed  monoclonal  antibodies  against  VAG  for  immunohistochemical  screening 
and  for  targeting  treatments 

•  Discovered  most  vasopressin  gene-related  proteins  expressed  by  breast  cancer  cells 
are  products  of  a  normal  vasopressin  gene 

•  Demonstrated  all  of  the  essential  enzymes  involved  in  processing  peptide  precursors 
(PCs,  PAM,  CPE)  are  expressed  by  breast  cancer  and  these  seem  to  have  normal 
structures 

•  Demonstrated  that  most  trafficking  of  vasopressin  translation  products  seems  to  be 
outside  conventional  secretory  vesicles  with  most  products  targeted  to  the  plasma 
membrane 

•  Discovered  many,  but  not  all,  breast  cancers  express  the  oxytocin  gene 

•  Discovered  that  all  recognized  vasopressin  receptors  (Via,  Vlb,  V2)  are  expressed 
by  breast  cancers.  Determined  all  of  these  receptors  are  normal  and  probably 
functional.  However  in  addition  breast  cancers  express  a  partially  spliced  V2mRNA 
that  gives  rise  to  an  abnormal  V2  receptor  that  lacks  the  seventh  transmembrane 
region 

•  Generated  polyclonal  antibodies  against  normal  Via,  Vlb  and  V2  receptors,  and 
against  the  abnormal  receptor 

•  Discovered  and  first  sequenced  the  human  vasopressin  activated  calcium  mobilizing 
receptor  (HVACM,  now  referred  to  as  Cullin  5)  and  identified  this  protein  as  being 
expressed  by  breast  cancer 

•  Determined  vasopressin  increases  MAP  kinase  and  focal  adhesion  kinase  activities  in 
breast  cancer  cells 

•  Examined  the  influence  of  oxytocin  on  breast  cancer  cells 
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(8)  REPORTABLE  OUTCOMES 

-  manuscripts,  abstracts,  presentations; 
Manuscripts: 


North,  W.G.,  Pai,  S.,  Friedmann,  A.,  Yu,  X.,  Fay,  M.,  and  Memoli,  V.  Vasopressin  gene  related 
products  are  markers  of  human  breast  cancer.  Breast  Cancer  Research  and  Treatment  34:229-235, 1995. 

Fay,  M.J.,  Du,  J.,  Yu,  X.,  and  North,  W.G.  Evidence  for  expression  of  vasopressin  V2  receptor  mRNA 
in  human  lung.  Peptides  17(3):477-481,  1996. 

Gallagher,  J.D.,  Fay,  M.J.,  North,  W.G.,  and  McCann,  F.V.  Ionic  signals  in  T47D  human  breast  cancer 
cells.  Cellular  Signalling  8(4):279-284,  1996. 

Fay,  M.J.,  Mathew,  R.S.,  Donnelly,  E.M.,  Memoli,  V.A.,  and  North,  W.G.  Immunohistochemical 
evaluation  of  vasopressin  gene  expression  in  fibrocystic  breast  disease.  Endocrine  Pathology,  In  Press, 
1999. 

North,  W.G.,  Fay,  M.J.,  and  Du,  J.  MCF-7  breast  cancer  cells  express  normal  forms  of  all  vasopressin 
receptors  plus  an  abnormal  V2R.  Peptides  20:837-842, 1999. 

Du,  J.  and  North,  W.G.  Breast  cancer  cells  express  key  processing  enzymes.  Breast  Cancer  Res.  Treat. 
Submitted ,  1999. 

Fay,  M.J.,  Du,  J.,  Longo,  K.A.,  and  North,  W.G.  Oxytocin  does  not  induce  a  rise  in  intracellular  free 
calcium  in  human  breast  cancer  cells.  J.  Res.  Commun.  Mol.  Path.  Pharmacol.,  103:115-129, 1999. 

Longo,  K.A.,  Fay,  M.J.,  Chen,  H.T.,  Memoli,  V.A.,  and  North,  W.G.  Tissue  specific  expression  of 
HVACM/CUL-5,  a  cullin  protein,  in  humans.  Jour.  Immuno.  Chem.,  Submitted,  1999. 

Longo,  K.A.,  Fay,  M.J.,  Du,  J.,  and  North,  W.G.  Small  cell  lung  cancer  expresses  a  functional  form  of 
VACM-1,  a  putative  vasopressin  receptor  and  cullin  family  member.  Submitted  to  Biochim.  Biophys. 
Acta,  1999. 


Presentations  and  abstracts: 

Fay,  M.J.,  Yu,  X.,  Memoli,  V.  and  North,  W.G.  Expression  of  the  vasopressin  gene  by  human  breast 
cancer.  Mol.  Biol.  Cell  5:2730,  1994. 

Fay,  M.J.,  Yu,  X.,  Memoli,  V.  and  North,  W.G.  Expression  of  the  vasopressin  gene  by  human  breast 
cancer.  Gordon  Conference,  Mammary  Gland  Biology.  Colby  Sawyer  College,  New  London,  NFL  June 
18-23,  1995. 

Longo,  K.A.,  Fay,  M.J.,  Du,  J.  and  North,  W.G.  Evidence  for  the  expression  of  a  novel  vasopressin- 
activated  calcium  mobilizing  receptor  (VACM-1)  in  human  breast  cancer  and  lung  cancer.  Mol.  Biol.  Cell 
7:3761,  1996. 

North,  W.G.,  Fay,  M.J.  and  Du,  J.  Vasopressin  and  breast  cancer,  gene  expression  and  trafficking. 
Summer  neuropeptide  conference,  Key  West,  Florida.  June  21-26, 1997. 

Longo,  K.A.,  North,  W.G.,  Du,  J.  and  Fay,  M.J.  Evidence  for  the  expression  of  a  novel  vasopressin- 
activated  calcium  mobilizing  receptor  (HVACM)  in  human  breast  cancer  and  lung  cancer  cell  lines.  World 
Cong,  of  Neurohypophysial  Horm.,  Montreal,  Canada.  Aug.  8-12,  1997. 


North,  W.G.  and  Du,  J.  Production  and  processing  of  vasopressin  gene-related  proteins  by 
neuroendocrine  tumors.  Proc.  Soc.  Neuro.  Sci.  23:63.4,  1997. 

North,  W.G.,  Fay,  M.J.,  Longo,  K.  and  Du,  J.  Vasopressin  gene-related  products  in  the  management  of 
breast  cancer.  DOD  Breast  Cancer  Research  Program  Meeting:  Era  of  Hope  Proceedings,  2:795-796, 
1997. 

Fay,  M.,  Du,  J.,  Longo,  K.  and  North,  W.  The  role  of  vasopressin  and  oxytocin  hormones  in  breast 
cancer.  DOD  Breast  Cancer  Research  Program  Meeting:  Era  of  Hope  Proceedings,  2:797-798,  1997. 

North,  W.G.  Gene  Regulation  of  Vasopressin  and  Vasopressin  Receptors  in  Cancer.  Proceedings  World 
Congress  on  Neurohypophyseal  Hormones,  Edinburgh  September,  1999,  Experimental  Physiology, 
1999. 

Du,  J.  and  North,  W.G.  Breast  cancer  cells  express  normal  forms  of  all  vasopressin  receptors  plus  an 
abnormal  V2R.  Proc.  Amer.  Assoc.  Cancer  Res.  A  1175,  1999. 


Review  articles: 


North,  W.G.  Gene  Regulation  of  Vasopressin  and  Vasopressin  Receptors  in  Cancer.  Experimental 
Physiology,  in  press,  1999. 


-  patents  and  licenses  applied  for  and/or  issued; 

RCT  Disclosure  No.:  149-B340-99 

Inventor:  William  G.  North 

Title:  "Detection  and  targeting  of  breast  cancer  and  carcinoma  in  situ  using  antibodies  against  an 
abnormal  form  of  the  vasopressin  V2  receptor" 

RCT  Disclosure  No.:  149-B34299 

Inventor:  William  G.  North 

Title:  "A  method  for  distinguishing  breast  carcinoma  in  situ  from  atypical  ductal  hyperplasia 

using  antibodies  against  vasopressin  or  against  vasopressin-associated  glycopeptide  (VAG) 
copeptin." 

Title:  Use  of  monoclonal  antibodies  against  vasopressin-associated  glycopeptide  (referred  to  here 
as  MAGs).,  and  modified  forms  of  these  MAGs,  for:  a)  Screening  fresh  and  fixed 
biopsied  material  for  the  presence  of  breast  cancer;  b)  Radiodiagnostic  imaging  of  breast 
cancer  in  patients  and;  c)  Targeting  therapy  of  breast  cancer  in  patients. 

RCT  Disclosure  No.:  149-B352-99 

Inventor:  William  G.  North 

Title:  "A  single  method  is  introduced  for  a)  Distinguishing  breast  carcinoma  in  situ  and  breast 
cancer  carcinoma  in  situ  and  breast  cancer  from  atypical  ductal  hyperplasia,  and  for  b)the 
early  detection  of  small-cell  lung  cancer  and  distinguishing  small-cell  lung  cancer  from 
normal  lung  performing  RT-PCR  for  VPmRNA  on  RNA  from  biopsied  material  and  fixed 
material  from  stored  tissue  blocks." 


-  Degrees  obtained  that  are  supported  by  this  award; 

Kenneth  A.  Longo,  Ph.D. 

Received  his  Ph.D.  degree  in  August  of  1998. 
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-  development  of  cell  lines,  tissue  or  serum  repositories; 

None. 

-  informatics  such  as  databases  and  animal  models,  etc; 

AF  101725 

Homo  sapiens  vasopressin  receptor  subtype  la  mRNA,  complete  cds 
gi\4336679\gb\AF101725.1\AF101725  [4336679] 

(View  GenBank  report.  FASTA  report.  ASN.l  report.  Graphical  view.  1  MEDLINE  link. 

1  protein  link,  or  19  nucleotide  neighbors) 

AF  101726 

Homo  sapiens  vasopressin  receptor  subtype  lb  mRNA,  complete  cds 
gi\4336681\gb\AF101726.1\AF101726  [4336681] 

(View  GenBank  report.  FASTA  report.  ASN.l  report.  Graphical  view.  1  MEDLINE  link. 

1  protein  link,  or  6  nucleotide  neighbors  ) 

AF  101727 

Homo  sapiens  vasopressin  receptor  type  2  mRNA,  complete  cds 
gi\4323604\gb\AF 1 0 1 727 . 1\AF1 0 1727  [4323604] 

(View  GenBank  report.  FASTA  report.  ASN.l  report.  Graphical  view.  1  MEDLINE  link. 

1  protein  link,  or  10  nucleotide  neighbors  ) 

AF  101728 

Homo  sapiens  truncated  vasopressin  receptor  type  2  mRNA,  complete  cds 
gi\4323606\gb\AF101728.1\AF101728  [4323606] 

(View  GenBank  report.  FASTA  report.  ASN.l  report.  Graphical  view.  1  MEDLINE  link. 

1  protein  link,  or  8  nucleotide  neighbors  ) 

-  funding  applied  for  based  on  work  supported  by  this  award; 

DOD  Translational  Grant 

Vasopressin  Gene-Related  Products  in  the  Clinical  Management  of  Breast  Cancer 
PI:  William  G.  North,  Ph.D. 

04/01/00  -  03/31/04 
Under  review 

NIH/NCI 

Vasopressin  in  the  Radiodiagnosis  of  Breast  Cancer 
PI:  William  G.  North,  Ph.D. 

040/01/00  -  03/31/05 
Under  review 

-  employment  or  research  opportunities  applied  for  and/or  received  on  experiences/training  supported  by 
this  award. 

DOD  Postdoctoral  Fellowship 
Michael  J.  Fay,  Ph.D. 

Equipment,  supplies  and  facilities  support. 
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(9)  CONCLUSIONS 


The  studies  conducted  over  this  final  and  extended  year  of  the  granting  period  have 
included  focus  on  completing  the  sequencing  and  Western  evaluations  of  vasopressin 
receptors  in  MCF7  and  ZR-75  breast  cancer  cell  lines,  plus  performing  sequencing  and 
Western  evaluations  of  processing  enzymes  in  MCF7  and  ZR-75  breast  cancer  cells  and 
publishing  the  data;  generating  monoclonal  antibodies  against  vasopressin-associated 
glycopeptide  (VAG)  and  evaluating  these  antibodies;  and  establishing  the  methodology 
for  generating  Fab  fragments  with  DTPA  side-groups  for  99Tc  labeling  from  IgGl  and 
IgG2a  monoclonal  antibodies.  These  last  studies  are  aimed  at  moving  basic  research 
findings  over  to  patient  screening,  diagnosis,  and  treatment.  All  of  the  findings  over  the  five 
years  of  the  funding  period  have  further  confirmed  our  original  hypothesis  that  all  breast  cancers  produce 
vasopressin  as  an  autocrine  growth  factor,  and  that  this  property  can  be  utilized  to  develop  more  successful 
treatments.  Expression  of  the  vasopressin  gene  seems  to  be  associated  with  all  oncogenic  transformation 
of  breast  tissue  as  evidenced  by  the  presence  of  vasopressin  gene  products  in  all  breast  cancers  examined, 
the  absence  of  these  products  from  all  varieties  of  fibrocystic  disease,  and  our  demonstration  that  all 
carcinoma  in  situ  (DCIS)  examined  expressed  these  same  products.  We  our  findings  can  have  short-term 
clinical  application  in  providing  earlier  detection  of  breast  cancer  as  an  effective  way  to  distinguish  atypical 
intraductal  hyperplasia  from  carcinoma  in  situ.  There  is  no  other  simple  one-step  method  available  for 
making  this  distinction. 

When  vasopressin  gene(s)  are  expressed  by  breast  cancers,  they  give  rise  to  normal  and  abnormal 
products.  Studies  conducted  by  us  on  trafficking  of  vasopressin  gene-related  products  by  breast  cancer 
cells  has  revealed  that  about  nine-tenths  of  the  proteins  become  components  of  the  plasma  membrane  able 
to  provide  targets  for  antibodies  in  patients.  These  proteins  comprise  both  a  40  KDa  and  20  KDa  form. 
Antibodies  against  one  of  the  recognized  abnormal  structures  in  these  vasopressin  gene-related  proteins  are 
now  being  produced.  Such  new  or  already  available  antibodies  should  be  potentially  useful  in  later 
planned  immunodiagnosis  and  immunotherapies.  Alternatively,  antibodies  already  available  to  normal  VP- 
related  structures  should  also  be  effective  for  targeting  breast  cancer  in  patients. 

Vasopressin  seems  to  have  a  multifaceted  role  on  the  growth  and  physiology  of  breast  cancer  cells 
because  we  have  demonstrated  that  all  known  forms  of  vasopressin  receptor  subtypes  are  expressed  by 
these  cells.  The  complete  sequences  of  a  putative  receptor  named  hVACM  has  been  determined  by  us  and 
entered  in  the  Genebank.  Structures  for  vasopressin  Vla,  Vlb,  V2,  and  abnormal  V2  receptors  have  also 
been  determined.  Sequence  data  shows  they  have  the  same  sequences  submitted  to  the  Genebank  by  us  for 
vasopressin  receptor  subtypes  produced  by  small-cell  carcinoma  cells.  We  have  further  demonstrated  that 
through  one  or  more  of  these  receptors,  vasopressin  is  able  to  alter  calcium  homeostasis  and  activated 
MAP  kinase  in  breast  cancer  cells. 

Although  this  represents  the  final  report,  we  are  hoping  we  can  now  move  our  studies  over  to 
patient  care  through  funding  for  translational  research  currently  being  evaluated.  In  vitro  studies  related  to 
regulation  of  vasopressin  gene  expression  and  satisfying  task  5  of  the  original  statement  of  work  were  not 
conducted  because  of  a  recent  conclusion  these  will  have  little  bearing  on  expression  in  vivo  (see  North, 
1999);  nor  did  we  perform  those  related  to  binding  of  polyclonal  antibodies  by  cancer  cells  in  vitro  and  in 
vivo,  as  designed  to  satisfy  task  6  in  the  original  statement  of  work.  In  the  latter  case  we  felt  it  was  more 
important  to  devote  effort  to  generating  monoclonal  antibodies  that  will  better  serve  future  patient  care. 
Binding  studies  will  now  be  conducted  with  these  monoclonal  antibodies.  We  also  anticipate  publishing 
more  of  the  above  data  and  will  forward  such  publications  as  they  arise. 

So  What  Section 


It  is  likely  the  knowledge  gained  through  this  research  will  result  in  a  new  and  simple  screening  method 
that  distinguishes  carcinoma  in  situ  from  atypical  ductal  hyperplasia  (patent  pending),  the  availability  of 
monoclonal  antibodies  that  are  effective  tools  for  diagnosis  and  treatment  (patent  pending),  new  an 
effective  immunological  methods  for  detecting  recurrent  breast  cancer  and  for  treating  breast  cancer  by 
targeting  GRSA  proteins  or  the  abnormal  vasopressin  V2  receptor  we  have  discovered  (patent  pending), 
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and  new  and  effective  methods  of  treating  breast  cancer  through  the  use  of  vasopressin  antagonists.  Many 
of  these  potential  translational  outcomes  form  part  of  an  application  under  review  for  funding  by  the 
Department  of  Defense. 
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Summary 

Immunohistochemical  analysis  for  products  of  vasopressin  and  oxytocin  gene  expression  was  performed  on 
acetone-fixed  tissues  from  19  breast  cancers  representing  a  variety  of  tumor  sub-types.  Studies  employed  the 
avidin-biotin  complex  (ABC)  immunohistochemical  procedure  and  utilized  rabbit  polyclonal  antibodies  to 
arginine  vasopressin  (VP),  provasopressin  (Pro VP),  vasopressin-associated  human  glycopeptide  (VAG),  ox¬ 
ytocin  (OT),  oxytocin-associated  human  neurophysin  (OT-HNP),  and  a  mouse  monoclonal  antibody  to  vaso¬ 
pressin-associated  human  neurophysin  (VP-HNP).  Western  Blot  analysis  was  performed  on  protein  extracts 
of  fresh-frozen  tissues  from  12  additional  breast  tumors.  While  VP  gene  related  proteins  were  not  detected  in 
normal  breast  tissue,  immunohistochemistry  revealed  the  presence  of  VP,  Pro  VP,  and  VAG  in  all  neoplastic 
cells  for  all  of  the  tumor  tissues  examined.  Vasopressin-associated  human  neurophysin  was  evident  in  only 
one  of  19  acetone-fixed  tumor  preparations.  However,  Western  blot  analysis  for  all  12  fresh-frozen  tumor 
samples  showed  the  presence  of  two  proteins,  42,000  and  20,000  daltons,  that  were  immunoreactive  with 
antibodies  to  VP,  VP-HNP,  and  VAG.  Oxytocin  and  OT-HNP,  by  immunohistochemistry,  were  found  to  be 
common  to  cells  of  normal  breast  tissues.  For  tumors,  positive  staining  for  OT  was  observed  in  8  of  18  tumors, 
while  OT-HNP  was  not  detected  in  any  of  the  tumors  examined.  These  findings  indicate  that  VP  gene  expres¬ 
sion  is  a  selective  feature  of  all  breast  cancers,  and  that  products  of  this  expression  might  therefore  be  useful  as 
markers  for  early  detection  of  this  disease  and  as  possible  targets  for  immunotherapy. 


Introduction 

Breast  cancer  is  the  leading  cause  of  death  among 
American  women  between  the  ages  of  40  and  55 
years.  It  has  been  predicted  that  12%  of  women, 
during  their  lifetime,  will  be  diagnosed  as  having 
this  cancer,  and  that  3.5%  will  die  of  the  disease  [1]. 
Efforts  are  therefore  currently  under  way  to  devel¬ 
op  improved  methods  for  the  earlier  detection  of 
breast  cancer,  and  more  effective  therapeutic  inter¬ 
ventions  [2-4].  It  is  likely  that  both  of  these  aims 


could  be  aided  by  the  identification  of  easily  detec¬ 
table  markers  of  this  disease.  One  or  more  vaso¬ 
pressin  gene  related  products  (VP,  VP-HNP,  VAG, 
and  Pro  VP)  have  been  shown  to  be  effective  mark¬ 
ers  for  most,  or  all,  small-cell  tumors  of  the  lung  [5, 
6].  Since  two  of  these  substances  are  released  from 
small-cell  tumors  into  the  circulation,  inappropri¬ 
ately  high  levels  in  the  plasma  of  most  patients  can 
be  employed  to  evaluate  treatment,  and  to  serve  as 
predictors  of  recurrent  disease  [5,7].  As  well  as  this, 
VP  gene  expression  by  small-cell  carcinoma  of  the 
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lung  (SCCL)  leads  to  the  formation  of  Neurophy- 
sin-Related  Cell-Surface  Antigen  (NRSA),  a  com¬ 
ponent  of  the  plasma  membrane  of  these  tumors 
that  can  be  targeted  in  patients  with  antibodies  to 
neurophysin  [8, 9].  Oxytocin  gene  related  products 
have  also  been  identified  in  many  SCCL  tumors. 
With  respect  to  breast  cancer,  OT  is  known  to  be 
involved  in  the  physiology  of  human  mammary 
glands,  and  VP  has  been  reported  to  act  as  a  growth 
factor  for  some  mammary  tumor  cells  in  culture 
[10].  Therefore,  in  this  study,  antibodies  to  different 
VP  and  OT  gene-related  products  were  employed 
for  the  immunohistochemical  screening  of  an  ar¬ 
chival  library  of  breast  tumors  made  available 
through  the  Department  of  Pathology  at  the  Dart- 
mouth-Hitchcock  Medical  Center.  In  addition, 
Western  blot  analysis  was  performed  on  fresh-fro¬ 
zen  tumor  samples  with  three  of  the  antibody  prep¬ 
arations. 


Materials  and  methods 

Tissue  specimens 

Fresh  samples  of  breast  tumor  were  obtained  by 
surgical  resection  from  patients  treated  at  the  Dart- 
mouth-Hitchcock  Medical  Center.  These  tissue 
samples  represented  a  range  of  tumor  histological 
types  [11] .  Of  the  19  tumor  samples  used  in  the  study, 
12  were  obtained  through  biopsy  of  the  breast,  5 
were  from  mastectomies,  and  2  were  from  metastat¬ 
ic  sites.  A  tissue  sample  of  normal  human  cerebral 
cortex,  and  tissue  samples  of  normal  human  pitui¬ 
tary  and  hypothalamus,  were  obtained  from  autop¬ 
sy,  and  these  served  as  negative  and  positive  con¬ 
trols  for  immunohistochemical  staining.  All  of  the 
tissues  were  fixed  with  acetone  using  the  AMeX 
procedure  [12],  and  then  embedded  in  paraffin. 
Fresh-frozen  tissues  from  12  additional  breast  tu¬ 
mors  used  in  Western  blot  analysis  were  obtained 
on  dry-ice  from  the  Cooperative  Human  Tissue 
Network,  Philadelphia,  PA. 


Polyclonal  antibodies 

Rabbit  polyclonal  antibodies  to  VP,  to  OT,  and  to  a 
synthetic  C-terminal  18  amino  acid  residue  of  vaso¬ 
pressin-associated  human  glucopeptide  (VAG22_39) 
were  all  prepared  here  by  employing  the  purified 
substances,  coupled  to  thyroglobulin  with  glutaral- 
dehyde,  as  antigens.  Antibodies  to  VP  (Gonzo  3) 
have  been  successfully  employed  in  RIA  at  a  dilu¬ 
tion  of  1:80,000,  and  in  this  assay  showed  <0.1% 
cross-reaction  with  OT  and  <0.1%  cross-reaction 
with  vasotocin.  Hence,  Gonzo  3  would  seem  to  con¬ 
tain  VP  ring  directed  antibodies  as  dominant  con¬ 
stituents.  Antibodies  to  OT  (Kermit  5)  were  effec¬ 
tive  in  RIA  at  1:50,000,  and  displayed  <  0.2%  cross¬ 
reaction  with  VP  and  <  1%  cross-reaction  to  vaso¬ 
tocin.  This  preparation  is,  therefore,  believed  to 
comprise  chiefly  OT  tail-directed  antibodies.  The 
OT-HNP  antibody  preparation  (Archie  3)  has  been 
described  previously  [13],  and  seems  to  contain 
dominant  antibodies  directed  against  the  unique  N- 
terminal  region  plus  one  of  the  conserved  central 
sequences  of  this  protein.  The  first  three  were  used 
in  immunohistochemical  studies  at  dilutions  of 
from  1:200  to  1:400;  VAG  antibodies  (Boris  Y2) 
were  used  at  dilutions  of  from  1:600  to  1:1000. 

Rabbit  polyclonal  antibodies  (YL3)  that  recog¬ 
nize  the  tripeptide  bridge  connecting  VP  to  VP- 
HNP  in  Pro  VP  were  a  generous  gift  from  Joseph 
Verbalis  of  Pittsburgh,  PA.  Dr.  Verbalis  employed  a 
synthetic  dodecapeptide  that  represents  the  tripep¬ 
tide  tail  of  VP,  the  tripeptide  bridge,  and  the  first  six 
amino  acid  residues  of  VP-HNP  as  antigen  for  rais¬ 
ing  these  antibodies.  These  antibodies  were  shown 
[14]  to  uniquely  react  with  Pro  VP,  and  not  with  VP 
or  VP-HNP.  In  the  present  studies  they  were  used  at 
serum  dilutions  of  from  1:200  to  1:600. 


Monoclonal  antibodies 

A  monoclonal  antibody  (Nabl)  to  VP-HNP,  that 
was  generated  through  hybridoma  technology  by 
one  of  us  (WGN),  was  also  utilized  in  immunohis¬ 
tochemical  studies  and  Western  Blot  Analysis.  The 
antibody  was  obtained  from  mouse  ascites  by  affin¬ 
ity  chromatography  on  a  colmn  of  VP-HNP-Sepha- 
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rose  [9],  and  used  at  concentrations  from  0.025  to 
0.05  |ig/ml.  This  antibody  showed  <  1%  cross-reac- 
tion  with  OT-HNP  in  RIA. 


Immunohistochemical  staining 

Tissue  sections  of  4  pm  were  examined  using  the 
avidin-biotin  complex  (ABC)  immunohistochemi¬ 
cal  procedure  (Vector  Laboratories,  Burlingame, 
CA).  Following  the  removal  of  paraffin  by  washing 
in  xylene  (3x5  min)  and  acetone  (30  sec),  tissue 
sections  were  rinsed  with  PBS  (2x3  min)  and  in¬ 
cubated  with  1.5%  goat  serum  (for  studies  with  rab¬ 
bit  antibodies)  or  1.5%  horse  serum  (for  studies 
with  the  mouse  monoclonal  antibody),  supplied  by 
Vector  Laboratories,  at  ambient  temperature  to 
block  non-specific  binding.  After  removal  of  block¬ 
ing  serum  by  aspiration,  tissues  were  incubated  with 
the  relevant  primary  antibody  diluted  with  10% 
goat  serum  (polyclonal  antibodies),  or  10%  horse 
serum  (monoclonal  antibody),  at  4°  C  for  24  hr.  Pri¬ 
mary  antibody  was  removed  by  rinsing  in  PBS  (2  x  3 
min),  and  biotinylated  secondary  antibody,  com¬ 
prising  either  goat  anti-rabbit  IgG  or  horse  anti¬ 
mouse  IgG,  applied  at  a  concentration  of  20  pg/ml 
for  30  min  at  ambient  temperature.  Following  the 
removal  of  unbound  secondary  antibody  with  PBS 
(2x3  min),  endogenous  peroxidase  was  blocked 
with  a  methanol  solution  containing  3%  hydrogen 
peroxide  [15].  Tissues  were  then  rinsed  with  PBS 
and  incubated  with  an  avidin-peroxidase  complex 
(25  jug/ml)  for  30  min  at  ambient  temperature.  Ex¬ 
cess  complex  was  removed  with  PBS  (2x3  min), 
and  the  bound  complex  was  visualized  by  the  perox¬ 
idase  oxidation  of  3,3'-diaminobenzidine  over  3 
min  when  presented  as  a  0.2  mg/ml  solution  with 
0.03%  hydrogen  peroxide.  Counterstaining  was 
performed  with  hematoxylin.  Tissues  were  then  de¬ 
hydrated  through  increasing  concentrations  of  eth¬ 
anol  to  xylene  and  coverslipped  with  permount.  In 
order  to  record  findings  with  black  and  white  pho¬ 
tography,  this  counterstaining  was  later  removed 
with  acid-alcohol  (0.8  M  HC1  in  95%  ethanol).  Lack 
of  staining  in  sections  incubated  with  normal  serum 
instead  of  primary  antibody  preparations  was  used 
to  demonstrate  antibody  specificity. 


Western  Blot  analysis 

Protein  from  finely  minced  tumor  tissue  was  ex¬ 
tracted  by  sonication  in  100  volumes  of  0.1  M  HC1. 
Suspensions  were  centrifuged  at  1500  x  g  for  10  min 
at  ambient  temperature,  and  soluble  protein  was 
then  precipitated  with  40%  TCA.  This  protein  was 
pelleted  by  centrifugation  at  10,000  x  g  for  2  min. 
TCA  was  then  removed  from  pellets  by  washing 
(x  2)  with  ether.  Protein  was  resuspended  in  0.1  M 
Tris  HC1  (pH  8.7),  reduced  with  mercaptoethanol  at 
100°  C  for  5  min  (and  in  some  cases  S-alkylated  with 
N-ethyl  maleimide),  and  subjected  to  SDS-PAGE 
electrophoresis  on  15%  gels  at  pH  9.3  using  the 
method  of  Laemeli  [16].  Separated  proteins  were 
then  electrophoretically  transferred  with  20  mM 
Tris  glycine  (pH  8.0)  to  Immobilon  (PVDF)  mem¬ 
branes.  These  membranes  were  blocked  with  a  5% 
non-fat  milk  solution,  washed  (1  x  15  min,  2x5  min) 
with  PBS  containing  0.5%  Triton,  and  reacted  with 
preparations  of  mouse  monoclonal  antibody  to  VP- 
HNP,  with  rabbit  polyclonal  antibodies  to  VP,  with 
rabbit  polyclonal  antibodies  to  VAG,  or  with  ubiq¬ 
uitous  mouse  or  rabbit  IgG  (negative  controls),  for 
1  h  at  ambient  temperature.  Following  a  second 
wash  in  PBS-Triton  (1  x  15  min,  2x5  min),  the  mem¬ 
branes  were  treated,  respectively,  with  goat  anti¬ 
mouse  IgG-horseradish  peroxidase  conjugate  or 
goat  anti-rabbit  IgG-horseradish  peroxidase  conju¬ 
gate  for  1  h,  and  then  washed  with  PBS-Triton  (1  x 
15  min,  4x5  min).  Immunoreactive  proteins  were 
visualized  using  an  ECL  Western  Blotting  Detec¬ 
tion  System  with  exposure  of  x-ray  film  from  10  sec¬ 
onds  to  5  min.  Prestained  SDS-PAGE  standard  pro¬ 
teins  were  employed  as  molecular  size  markers. 

Results 

Immunostaining  with  antibodies  to  VP,  ProVP, 
and  VAG 

All  tumor  cells,  for  all  tumor  specimens  examined, 
showed  intense  positive  immunological  staining 
with  antibodies  to  VP,  and  to  the  C-terminal  region 
of  VAG.  Positive  immunostaining  with  antibodies 
to  the  bridging  region  of  ProVP  was  found  in  11  of  14 
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Fig.  1.  Acetone-fixed  breast  carcinoma  showing  colloid-type  inclusions.  Positive  staining  with  rabbit  polyclonal  antibodies  to  vasopressin, 
using  the  Avidin-biotin  complex  immunohistochemical  procedure  and  peroxidase  oxidation  of  3,3’  diaminobenzidine  (magnification, 
x  1500). 


tumors  tested.  Tumor  tissues  represented  all  forms 
that  typify  breast  carcinoma  (Table  1).  Figure  1  rep¬ 
resents  a  colloid  carcinoma  and  immunostaining 
obtained  with  antibodies  to  VP.  Figure  2  is  the  im¬ 
munostaining  that  typified  the  reaction  of  infiltrat¬ 
ing  lobular  carcinoma  with  antibodies  to  VAG.  No 
immunostaining  of  the  normal  connective  and  glan¬ 
dular  tissues  surrounding  tumors,  or  with  cerebral 
cortex,  was  obtained  with  antibodies  to  VP,  Pro  VP, 
or  VAG. 


Immunostaining  with  antibodies  to  OT 
and  VP-HNP 

Some  tumor  tissues  (8  of  18  tested),  as  well  as  sur¬ 
rounding  normal  glandular  tissue,  stained  with 
polyclonal  antibodies  to  OT.  Oxytocin-associated 
human  neurophysin  was  not  detected  in  any  of  the 
19  tumors  examined.  The  mouse  monoclonal  anti¬ 
body  to  VP-HNP  failed  to  react  with  all  but  one  of 
the  19  tumor  specimens  (an  infiltrating  lobular  car¬ 
cinoma)  and  gave  no  immunostaining  of  surround¬ 
ing  normal  tissues. 


Western  blot  analysis  with  antibodies  to  VP 
and  VP-HNP  and  VAG 

Both  polyclonal  antibodies  to  VP  and  VAG  and  the 
mouse  monoclonal  antibody  to  VP-HNP  gave  simi¬ 
lar  patterns  of  immunoreactive  proteins  with  elec- 
trophoretograms  from  Western  blot  analysis  of  12 
fresh-frozen  tissues  of  breast  cancer.  In  each  case, 
immunoreactive  proteins  were  discerned  with  ap¬ 
parent  molecular  weights  of  40,000  and  20,000  dal- 
tons.  In  addition  to  these,  the  antibody  to  VP-HNP 
reacted  weakly  with  a  protein  of  approximately 
10,000  daltons.  The  pattern  obtained  for  four  tumor 
samples  with  the  antibody  to  VP-HNP  is  represent¬ 
ed  in  Fig.  3. 

Discussion 

The  results  obtained  in  this  study  indicate  that  the 
VP  gene  is  expressed  by  all  breast  cancers,  and  that 
VP  is  a  product  common  to  all  these  tumors  while 
being  immunologically  absent  from  surrounding 
normal  breast  tissue.  This  tumor  VP  could  be  per- 
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Fig.  2.  Acetone-fixed  breast  carcinoma  of  the  infiltrating  lobular  sub-type  showing  positive  immunostaining  with  rabbit  polyclonal  anti¬ 
bodies  to  vasopressin-associated  human  glycopeptide.  The  procedure  employed  was  avidin-biotin  complex  immunohistochemistry  with 
peroxidase  oxidation  of  3,3’  diaminobenzidine  (magnification,  x  480). 


Table  1.  Presence  of  vasopressin  and  oxytocin  gene  related  products  in  human  breast  cancer 


Cancer  subtype 

VP  gene  related  antigens* 

OT  gene  related  antigens* 

VP 

VAG 

VPRG 

Pro  VP 

OT 

OT-HNP 

Infiltrating  ductal 

na 

- 

+ 

na 

na 

- 

Infiltrating  ductal 

+ 

- 

+ 

+ 

- 

- 

Infiltrating  ductal 

+ 

- 

+ 

+ 

+ 

Infiltrating  ductal 

+ 

+ 

+ 

+ 

+ 

- 

Infiltrating  ductal 

+ 

- 

+ 

+ 

- 

- 

Infiltrating  ductal 

+ 

- 

+ 

- 

- 

- 

Infiltrating  ductal 

+ 

- 

+ 

+ 

+ 

- 

Infiltrating  ductal 

+ 

- 

+ 

na 

+ 

- 

Infiltrating  ductal 

+ 

- 

+ 

+ 

- 

- 

Infiltrating  ductal 

+ 

- 

+ 

+ 

- 

- 

Infiltrating  ductal 

"  + 

- 

+ 

- 

- 

- 

Infiltrating  ductal 

+ 

- 

+ 

- 

+ 

- 

Colloid 

+ 

- 

+ 

+ 

- 

- 

Colloid 

+ 

- 

+ 

na 

- 

- 

Colloid 

+ 

- 

+ 

+ 

+ 

- 

Colloid 

+ 

- 

+ 

+ 

+  . 

- 

Infiltrating  tubular 

+ 

- 

+ 

na 

+ 

- 

Infiltrating  tubular 

+ 

- 

+ 

+ 

- 

- 

Infiltrating  lobular 

+ 

- 

+ 

na 

- 

- 

Total  positive 

18/18 

1/19 

19/19 

11/14 

8/18 

0/19 

*  Positive  (+)  or  negative  (-)  immunoreactivity  using  antibody  preparations  and  the  ABC  procedure,  na  =  not  attempted. 
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Fig .  3.  Western  blot  analysis  from  SDS-PAGE  (15%)  showing 
mercaptoethanol-reduced  proteins  from  four  biopsied  human 
breast  tumors  that  were  immunoreactive  with  a  mouse  mono¬ 
clonal  antibody  (NAb  1)  to  vasopressin-associated  human  neu- 
rophysin.  The  PVDF  membrane  was  blocked  with  non-fat  milk 
as  a  5%  solution  in  PBS-Triton.  Incubations  with  0.5  pg/ml  pri¬ 
mary  antibody,  and  then  with  goat  anti-mouse  IgG-horseradish 
peroxidase  conjugate  (BRL),  in  5%  nonfat  milk,  were  each  per¬ 
formed  for  1  h  at  room  temperature.  Immunoreactive  proteins 
were  visualized  on  x-ray  film  exposed  to  the  membrane  for  5 
min. 


forming  a  role  as  an  autocrine  growth  factor  in  the 
same  manner  as  it  appears  to  do  for  many  small-cell 
tumors  of  the  lung  [17].  Taylor  and  coworkers  [10] 
have  shown  that  VP  may  be  an  important  growth 
modulator  of  human  breast  cancer,  and  other  work¬ 
ers  [18]  have  described  a  growth-promoting  action 
of  the  peptide  on  rat  mammary  tumors  in  culture. 

While  the  origin  of  human  breast  cancer  is  not  yet 
clear,  an  increased  risk  is  associated  with  atypical 
hyperplasia,  especially  of  both  ductal  and  lobular 
types.  It  is  possible  that  some  hyperplastia  condi¬ 
tions  become  malignant  as  a  consequent  of  an  over¬ 
production  of  growth  factors  by  the  affected  cells. 
Since  VP  was  found  to  be  common  to  all  of  the 
breast  tumors  examined  in  this  study,  it  is  conceiv¬ 
able  that  this  peptide  is  also  a  marker  of  those  pro¬ 
liferating  cells  that  serve  as  progenitors  of  breast 
cancer.  Such  a  hypothesis  is  readily  testable  and,  if 
true,  might  lead  to  a  method  for  recognizing  pre- 
cancerous  cells  in  patient  biopsies. 

Vasopressin-associated  human  glycopeptide  was 
another  marker  immunologically  identified  in  all  of 
the  breast  cancers  examined.  This  secretory  prod¬ 
uct  of  hypothalamic  neurons  has  yet  to  have  a  de¬ 
fined  physiological  function.  However,  VAG  has 
been  demonstrated  to  be  a  component  of  NRS A  in 
SCCL,  and  as  such  is  a  possible  target  on  the  plasma 
membrane  of  these  cells  for  radiodiagnostic  imag¬ 
ing  and  immunotherapy  [9].  If  this  entity,  as  a  com¬ 


ponent  of  proteins,  also  becomes  incorporated  into 
the  plasma  membranes  of  breast  cancer  cells,  it 
would  then  seem  to  be  an  ideal  candidate  through 
which  imaging  and  treatment  of  this  disease  could 
be  carried  out.  In  support  of  this  possibility  are  the 
findings  presented  here  from  Western  Blot  analysis 
of  VAG  immunoreactivity,  that  demonstrate  it  to  be 
associated  with  a  larger  protein(s)  of  the  same 
molecular  size  as  those  found  to  occur  in  SCCL  [8]. 
These  are  proteins  of  40,000  and  20,000  daltons  that 
also  react  with  antibodies  to  VP  and  VP-HNP.  Nev¬ 
ertheless,  differences  between  the  products  of 
breast  cancer  cells  and  small-cell  tumors  are  indi¬ 
cated  by  the  failure  of  our  monoclonal  antibody  to 
VP-HNP  to  positively  stain  all  but  one  of  the  breast 
cancer  specimens,  even  though  this  antibody  reac¬ 
ted  with  breast  cancer  proteins  in  Western  blot 
preparations.  This  suggests  there  might  be  even 
more  conformational  abnormalities  in  breast  can¬ 
cer-produced  neurophysin  structures  than  occur  in 
small-cell  carcinoma,  and  this  in  turn,  might  reflect 
more  significant  substitutions  and/or  omissions  in 
the  exon  B  and  exon  C  regions  of  the  expressed  VP 
gene  of  breast  cancer  cells.  Staining  of  similar  in¬ 
tensity  with  VP  antibodies  and  antibodies  to  the 
peptide  bridging  region  of  Pro  VP  for  most  tumors 
makes  it  less  likely  that  significant  abnormalities 
are  present  in  the  exon  A  region  of  the  VP  gene(s) 
expressed  by  breast  cancer  cells  [19]. 

Oxytocin,  in  contrast  to  VP  gene  related  prod¬ 
ucts,  appeared  to  be  common  to  both  normal  breast 
tissue  and  some  tumor  cells.  Staining  for  OT  was 
evident  in  2  of  4  tumors  of  the  colloid  sub-type,  in  5 
of  12  ductal  tumors,  and  in  1  out  of  2  of  the  tubular 
sub-type,  but  was  not  evident  in  the  one  lobular  tu¬ 
mor  examined.  The  data  indicated  that  overall,  the 
OT  gene  is  expressed  in  about  44%  of  breast  carci¬ 
nomas,  although  there  is  evidence  that  gene  expres¬ 
sion  may  be  abnormal  because  none  of  the  tumors 
appeared  to  contain  a  structure  immunologically 
identified  as  OT-HNP. 

Hence,  only  VP  gene  expression  would  seem  to 
be  a  universal  feature  of  breast  carcinoma.  While 
there  is  evidence  that  this  VP  gene  gives  rise  to  ab¬ 
normal  protein  products,  these  products  are  always 
recognized  in  immunological  studies  by  antibodies 
to  VP  and  VAG.  These  substances,  would  therefore 
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appear  to  represent  important  markers  of  this  dis¬ 
ease  and,  as  such,  could  be  effectively  utilized  in  its 
diagnosis  and  treatment. 
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ABSTRACT.  Increasing  evidence  th^chann^s  p  breast  cancer  cells  to  identify  the  ion 

autogenesis  led  us^o  ‘^esagate  h  b  ^  studies  in  the  whole-cell  configuration  on 

currents  present.  We  report  n  .  ,  ,  j|K.tai  breast  carcinoma.  In  these  studies  we 

isolated,  non-synchronized  single  cel  s  o  tame  ,  ,  ,  id  ent  The  potassium  current  activated 

1.4  Sa.  eod  did  not  i««h«« 

an  inward  sodium  current.  The  potassiu  blocker  4,4’-diisothiocyanostilbene'2,2'-disulfontc 

chloride  and  in.  the  presence  of  the  c  on  cancer  cells  include  a  chloride  current 

«*>  IDES).  Wo  conclude  chat  »,»» cu„=n,  ...ho,  alone  ot 
and  a  voltage-gated  potassium  ou  a  ,  different  human  breast  cancer  cell  lines  by  others, 


INTRODUCTION 

An  increasing  body  of  evidence  supports  the  hyP°*esisthat 
potassium  currents  signal  cellular  proliferation  [  ^Small-cel 
lun*  carcinoma  cells  (SCCL)  treated  with  the  K  -channel 
antagonist  4-aminopyridine  (4-AP)  demonstrate  an  attenu¬ 
ated  outward  K+  current  coincident  with  a  decrease  in  cell 
proliferation  [2].  In  MCF-7  breast  cancer  cells  the  potassium 
channel  antagonists  quinidine,  glibenclamide,  and  linog  ir 
'  ide  inhibit  cell  proliferation  and  cause  the  accumulation^ 
cells  in  the  G0/G,  phase  of  the  cell  cycle  [3].  This  effect 
on  MCF-7  cells  was  attributed  to  the  putative  activity  o 
adenosine  tciphosphate  (ATPI-sensitive  potassium  chan- 
pels.  This  cell  line,  established  from  pleutal  fluid  of  a  patienc 
with  adenocarcinoma,  retains  certain  characteristics  of  i  -. 
ferentiated  epithelium,  including  the  presence  of  estrogen 
receptors  [4].  A  calcium-activated  potassium  current  has 
been  identified  in  MCF-7  cells  [51  that,  although  cot, elated 
with  cell  prolife, ation.  was  no,  considered  obligato, y  fo, 
growth  [6]. 
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The  T47D  breast  cancer  cell  line  selected  for  this  study, 
originally  established  from  the  pleural  effusion  of  a  patient 
with  infiltrating  ductal  carcinoma  [71,  also  displays  charac¬ 
teristics  of  an  epithelial  origin.  These  cells  possess  receptors 
for  estrogen  (8,  9],  progesterone  [6,  10-12]  calcitonin  11. 
and  vitamin  D  [  14, 15].  We  selected  this  cell  line  for  investiga¬ 
tion  because  estrogen-resistant  clones  have  been  P«*«ed. 
and  we  aim  to  develop  this  line  as  a  model  for  evaluatin. 
breast  cancer  progression  [16-18],  In  view  of  the  previous 
studies  that  have  linked  ion  channels  with  autogenesis,  we 
initiated  this  study  to  identify  the  whole-cell  currents  present 
in  unsynchronized  cells  of  the  T47D  human  breast  cancer 

cell  line. 


MATERIALS  AND  METHODS 

Cell  Culture 

The  T47D  human  breast  ductal  carcinoma  cell  line  was 
obtained  from  the  American  Type  Culture  CoUecnon 
(ATCC  HTB  133,  Rockville,  MD),  and  maintained  inRPMl 

1640  medium  (Sigma,  St.  Louis,  MO)  sufplt|~"^-* 
0.2  iU  bovine  insulin/ml  (Sigma,  St.  Louis, 


280 


J.  D.  Gallagher  et  al 


fetal  bovine  serum  (FBS;  Hyclone  Labs,  Logan,  UT).  Cells 
received  fresh  growth  medium  or  were  subcultured  (U3  using 
0.25%  trypsin  +  0.02%  ethylenediamine  tetraacetic  acid 
[EDTA])  every  2-3  d. 

Cell  Preparation 

Cells  were  plated  onto  glass  coverslips  approximately  18  h 
before  patch-clamp  studies  were  initiated.  Each  coverslip 
was  placed  in  a  chamber  of  0.2  mL  volume  and  washed  with 
extracellularphysiological  solution.  Thechamber  was  placed 
on  the  stage  of  an  inverted  Nikon  microscope  and  viewed 
with  Hoffman  optics  (x640).  Electrode  preparation  and 
other  experimental  details  have  been  presented  previously 
[19-21]. 

Solutions 

The  physiological  external  bath  solution  for  recording 
whole-cell  currents  contained  the  following  (in  mM):  140 
NaCl,  4.5  KC1,  2.0  CaCL,  1.0  MgCl2,  and  10  4-(2-hydroxy- 
ethyl)- 1 -piper  azine-N-2-ethanesulfonic  acid  (HEPES),  pH  bal¬ 
anced  to  7.3  with  NaOH.  The  pipette  solution  contained 
(inmM)  140  KC1, 1.1  ethylene  glycol-bis-(3-aminoethyl  ether)- 
N,N,N',N'-tetraacetic  acid  (EGTA),  0.1  CaCl2,  2.0  MgCl2l 
and  10  HEPES,  pH  balanced  to  7.3  with  KOH.  [Ionized 
Ca2+]  =  10’8  M.  All  experiments  were  done  at  room  tempera¬ 
ture  (22 °C).  Extracellular  KC1  was  increased  by  substituting 
KC1  for  NaCl  in  the  bath  solution.  Extracellular  Cl  was 
reduced  by  substituting  potassium  aspartate  for  KC1  in  the 
bath.  Intracellular  [Ca2+]  was  increased  by  changing  pipette 
solution  CaCl2  to  1.08  mM  [free  Ca2+]  =  4  x  10~6  M. 

Blocking  Agents 

Tetraethylammonium  chloride  (TEA;  Sigma)  was  dissolved 
in  extracellular  solution  and  added  in  different  concentra¬ 
tions  directly  to  the  bath.  Charybdotoxin  (CTX)  from  Lei- 
urus  venom  was  obtained  from  Alomone  Labs  Oerusalem, 
Israel).  The  CTX  was  dissolved  in  0.1%  BSA,  100  mM  NaCl, 
10  mM  Tris  (pH  7.5)  and  1  mM  EDTA.  This  solution  re¬ 
quired  the  addition  of  0.01%  bovine  serum  albumin  (BSA) 
to  the  bath.  Because  the  bath  total  volume  was  0.2  mL, 
replacement  of  the  bath  required  only  two  drops  of  fluid. 
Replacement  of  the  bath  effected  rapid  and  complete  mixing 
of  experimental  solutions,  as  demonstrated  by  addition  of 
a  water-soluble  dye.  4,4'-Diisothiocyanostilbene-2,2'-disulfonic 
acid  (DIDS),  a  recognized  Cl“-channel  blocking  agent,  was 
added  to  the  bath. 

Data  Acquisition  and  Analysis 

Currents  in  the  individual  cells  were  measured  by  rupturing 
the  cell  membrane  in  the  lumen  of  the  patch  electrode  by 
suction.  Patch-clamp  data  were  obtained  with  a  List-EPC  7 
clamp  circuit  (Medical  Systems,  Greenvale,  NY).  Experi¬ 
mental  protocols,  details  of  which  are  presented  in  the  figure 
legends,  were  written  for  PCLAMP  software  (Axon  Instru- 
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FIGURE  1.  Outward  rectifying  K+  current  in  T47D  breast 
cancer  cells.  Current  vs.  voltage  curve  showing  peak  outward 
currents  recorded  in  a  cell  held  at  —  80  mV  and  then  stepped  to 
voltages  from  —  120  mV  to  +  60  mV.  Inset:  Currents  recorded 
from  this  cell.  Note  the  lack  of  time-dependent  inactivation. 
The  time  constant  for  activation  (tact)  was  best  described  by 
a  single  exponential  for  voltage  steps  to  -40,  —  20,  and  0  mV, 
and  by  a  double  exponential  at  more  positive  depolarisations. 
The  fast  time  constant  is  shown  for  each  trace. 


meats,  Burlingame,  CA).  Data  were  digitized  at  5  KHz  and 
recorded  with  a  486  PC  computer  after  filtering  with  an 
8  pole  Bessel  filter  at  1  KHz.  Series  resistance  correction, 
capacity  compensation,  and  leakage  subtraction  were  done. 
All  data  are  reported  as  mean  ±  S.E.M. 

RESULTS 

Patch-clamp  recordings  and  analyses  of  T47D  human  breast 
cancer  cells  revealed  the  presence  of  a  voltage-sensitive  cur¬ 
rent.  This  current  was  identified  as  a  voltage-gated,  time- 
independent,  TEA-sensitive,-  charybdotoxin-insensitive, 
outwardly  rectifying  potassium  current;  and "was  present  in 
71  of  79  cells  studied.  We  found  no  evidence  of  an  inward 
rectifying  potassium  current  or  of  a  sodium  current. 

Voltage+gated  Potassium  Current 

After  rupture  of  the  cell  membrane  by  suction,  voltage  steps 
were  applied  to  the  cell  in  a  normal  physiological  ionic  gradi¬ 
ent  from  a  holding  potential  of  -  80  mV  to  command  poten¬ 
tials  of  - 120  mV  to  60  mV.  The  large  outward  currents 
elicited  are  shown  in  the  inset  of  Figure  1.  The  current  was 
activated  at  -39.7  ±  2.2  mV  (n  =  10)  and  showed  no 
time-dependent  inactivation.  At  +40  mV  depolarizations, 
the  current  reached  a  peak  value  of  1,376  ±  231  pA  (n  = 
20).  The  time  constants  for  activation  could  be  represented 
by  a  single  exponential  at  more  negative  voltage  levels  and 
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FIGURE  2.  Tail  currents.  Peak  current  vs.  voltage  curves  for 
tail  currents  recorded  after  a  step  depolarization  from  -80 
mV  to  +  40  mV.  Pipette  KC1  concentration  =  140  mM. Exter¬ 
nal  KCl  concentration  =  4.5  mM  (squares),  38  mM  (circles), 
72  mM  (triangles),  or  140  mM  (diamonds).  Inset:  Tail  currents 
recorded  at  -  20  mV  in  each  external  KCl  concentration, 
with  single  exponential  time  constants  (ms). 


by  a  double  exponential  ac  more  positive  depolarizations. 
The  fast  time  constants  for  activation  are  indicated  for  each 
current  trace. 


FIGURE  3.  Voltage  ramps  in  T47D  breast  cancer  cells.  From 
a  holding  potential  of  -80  mV,  voltage  ramps  from  -  100 
to  +  40  mV  are  shown.  Curve  a  shows  standard  solutions. 
In  curve  b,  pipette  Ca!+  concentration  was  increased.  The 
similarity  between  curves  a  and  b  suggests  that  no  calcium- 
activated  currents  were  present.  Increasing  external  KUl  con¬ 
centrate  n  to  140  mM  (c)  alters  the  current  vs.  voltage  relation¬ 
ships  as  expected.  No  evidence  of  an  inwardly  rectifying  K 
current  is  seen,  although  the  increase  in  leakage  current  sug¬ 
gests  the  presence  of  other  non-voltage-activated  currents. 


Figure  3.  These  experiments  were  performed  with  standard 
pipette  and  bath  solutions,  and  also  after  increasing  pipette 
Ca’-+  concentrations  tolevels  as  high  as4  X  10'6  and  external 
KCl  concentrations  to  140  mM.  In  no  case  was  a  calcium- 
activated  or  inwardly  rectifying  current  detected.  However 
the  increased  leakage  current  noted  in  symmetrical  KCl 
solutions  suggests  the  presence  of  additional  K*  currents, 
perhaps  a  ligand-modulated  current  or  the  ATP-sensitive 
current  reported  by  Woodfork  ec  cl.  [3]. 


Tail  Curren  r  Analyses 

The  outward  current  was  activated  by  a  voltage  step  from 
a  holding  potential  of  -80  mV  to  +40  mV.  Vm  was  then 
stepped  to  voltages  between  +20  and  -120  mV  and  tail 
currents  were  recorded  as  shown  in  Figure  2.  Rapid  voltage- 
dependent  inactivation  was  observed.  Changing  bath  KCl 
-  •  concentration  produced  changes  in  reversal  potential  or 
the  outward  current.  In  external  KCl  concentrations  of  4.3, 

38,  72,  and  140  mM,  Ertv  was  -84.5  ±  1.2  mV,  -31.8  ± 
1.7  mV,  - 17.6  ±  0.2  mV,  and  -2.6  ±  2.2  mV ,  respectively 
(n  _  7);  For  these  KCl  concentrations,  calculated  E„„  for  a 
K+-selective  current  was  -86.6  mV,  -  32.8  mV,  - 16.7  mV, 
and  0  mV,  respectively.  Thus,  this  current  appears  to  be 
carried  by  K*  ions.  The  rapid  voltage-dependent  recovery 
of  the  current  is  emphasized  by  the  absence  of  use-dependent 
peak  amplitude  reduction  when  cells  were  repetitively  depo¬ 
larized  at  intervals  of  1  s  (n  =  8). 


Voltage  Ramps 

After  holding  the  membrane  potential  at  -80  mV,  voltage 
ramps  were  applied  to  the  cell  membranes  from  -  120  mV 
to  +40  mV,  with  the  resulting  I  vs.  V  graphs  shown  in 


TEA 

Figure  4  illustrates  the  results  of  5  experiments  in  which 
voltage  steps  from  -80  mV  (holding)  to  +20  mV  were 
applied  in  the  presence  of  increasing  concentrations  of  1 t  A 
chloride.  Exponential  curve  fitting  allowed  calculation  of  a 
50%  inhibitory  concentration  (IC50)  of  1  \iM  TEA  chloride, 
indicating  a  marked  sensitivity  of  the  current  to  this  sub- 
stance. 


larybdotoxin,  a  toxic  component  isolated  from  the  venom 
the  scorpion  Leiums,  has  been  shown  in  a  number  of 
dies  to  selectively  block  calcium-activated  K+  channels 
d  to  have  a  strong  blocking  action  on  other  types  o 
channels.  Results  of  5  experiments  in  which  cells  were 
polarized  after  exposure  to  CTX  are  shown  in  Figure  o. 
ilculated  JC50  was  7.8  pM,  demonstrating  an  insensitivity 
the  current  to  the  blocking  effects  of  CT  .  ot  t  e 
[vent  and  BSA  were  tested  in  the  absence  of  Cl  A  and 
;re  found  to  have  no  effect  on  currents.  The  solution 
ntaining  CTX  completely  replaced  the  bath  in  order  to 
sure  complete  mixing. 
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FIGURE  4.  Effects  of  TEA  chloride.  Dose-related  reduction 
in  peak  current  following  exposure  to  TEA  chloride  is  demon¬ 
strated.  Inset:  Typical  current  recordings  of  a  step  depolariza¬ 
tion  from  —  80  mV  to  +  20  mV  after  exposure  to  increasing 
TEA  Cl  concentrations.  *P  <  0.0001  vs.  control  by  one-way 
ANOVA  for  repeated  measures  and  Tukey*s  Honestly  Signifi¬ 
cant  Different  Test. 

Inward  Currents 

SODIUM.  To  determine  whether  a  sodium  inward  current 
was  present,  we  added TTX  (3  X  10~8M)  to  thebath  solution. 
The  membrane  was  subjected  to  a  more  negative  holding 
potential  to  remove  any  inactivation  that  might  be  present, 
and  the  membrane  was  then  depolarized  by  step  pulses.  No 
effect  on  the  whole-cell  current  was  detected,  leading  us  to 
conclude  that  a  voltage-gated  sodium  current  is  not  present. 

POTASSIUM.  Experiments  were  designed  to  test  for  the 
presence  of  an  inward  potassium  rectifier.  The  membrane 


FIGURE  5.  EffectsofCTX.IncreasingconcentrationsofCTX 
produce  minimal  decreases  in  peak  outward  current  following 
a  depolarization  of  —80  mV  to  +20  mV  (P  =  0.11).  Inset: 
Typical  current  recordings  after  exposure  to  each  concentra¬ 
tion  of  CTX. 
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FIGURE  6.  Augmentation  of  outward  current  by  aspartate. 
From  a  holding  potential  of  —80  mV,  voltage  steps  from 

—  120  to  60  mV  were  applied.  The  inset  displays  currents 
recorded  after  voltage  steps  to  60  mV  in  physiological  bath 
solution  (square),  symmetrical  140  mM  KCl  solution  (circle), 
and  aftersubstitution  of  140  mMKaspartate  for  KCl  (triangle). 
Current- voltage  relationships  for  the  same  experiments  dem¬ 
onstrate  a  marked  increase  in  outward  current  after  aspartate 
substitution. 

was  stepped  to  various  hyperpolarized  potentials  in  physio¬ 
logical,  reversed,  and  altered  extracellular  potassium  concen¬ 
trations.  There  were  no  currents  detected  under  these  condi¬ 
tions. 

CALCIUM.  Increased  amounts  of  calcium  delivered  both 
to  the  pipette  and  to  the  bath  did  not  effect  any  changes 
in  the  outward  current.  With  potassium  replaced  by  CsCl 
in  the  pipette  and  with  TEA  in  the  bath,  increased  calcium 
in  and  out  and  addition  of  BaCh  (20  mM)  did  not  reveal 
any  inward  current^  Addition  of  CTX  did  not  change  the 
magnitude  or  time  course  of  the  potassium  current.  We 
conclude  that  calcium  does  not  affect  this  voltage-gated 
potassium  current. 

CHLORIDE.  The  substitution  of  aspartate  for  chloride  in 
the  bath  solution  greatly  enhanced  the  potassium  current, 
as  shown  in  Figure  6.  The  membrane  potential  was  held  at 

-  80  mV,  after  which  depolarizing  steps  were  delivered  from 
-120  mV  to  60  mV.  The  marked  increase  in  the  total 
outward  current  is  shown  in  the  current  traces  and  in  the 
I  vs.  V  relationship. 

Chloride  substitution  experiments,  tested  by  tail-current 
analyses,  gave  further  evidence  of  the  chloride  component 
of  the  total  current,  as  shown  in  Figure  7A-D.  The  cell 
membrane  was  held  at  —80  mV  and  then  depolarized  to  40 
mV.  Tail  currents  were  then  measured  as  the  membrane 
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was  stepped  from  20  to  - 120  mV  in  a  normal  physiological 
gradient  (Fig.  7 A).  The  potassium  content  of  the  bathing 
solution  was  then  elevated  so  that  the  potassium  gradient 
was  symmetrical  (Fig.  7B).  Under  this  condition,  the  reversal 
potential  was  near  0  mV,  (1  vs.  V  graph),  as  one  would 
predict  for  a  potassium  current.  The  reversal  potential  was 
then  observed  to  shift  as  K+  aspartate  was  substituted  for 
KC1  (Fig.  7C).  The  reversal  potential  again  shifted  along 
the  voltage  axis  as  the  bath  was  changed  to  contain  70  mM 
KCl  and  70  mM  K  aspartate  (Fig.  7D). 

An  increase  in  the  outward  current  was  also  measured 
when  the  chloride  channel  blocker  DIDS  was  added  to  the 
bath.  Applicationof  a  continuous  ramp  of  increasing  voltage 
( - 1 40  to  40  mV)  from  a  holding  voltage  of  -  80  mV  resulted 
in  an  increase  in  the  outward  current  from  1,042  pA  to 
1,265  pA,  as  shown  in  Figure  8.  We  conclude  from  these 
data  that  a  chloride  current  is  present  in  these  cells. 


DISCUSSION 

The  voltage-gated  potassium  current  we  have  characterized 
in  T47D  breast  cancer  cells  activates  rapidly  at  a  membrane 
voltage  of  -40  mV,  is  outwardly  rectifying,  and  displays  no 
time-dependent  inactivation.  Peak  currents  are  very  large 
and  at  a  depolarization  level  of  40  mV  (holding:  -80  mV), 
reached  levels  of  1.4  nA.  This  current  is  sensitive  to  block 


FIGURE  8.  Increase  in  outward  current  after  addition  of 
DIDS.  From  a  holding  potential  of  -  80  mV,  a  continuous 
ramp  of  increasing  voltage  from  -  140  mV  to  40  mV  was 
applied.  The  pipette  contained  140  mM  KCl.  During  the  con¬ 
trol  recording,  the  bath  contained  standard  physiological  solu¬ 
tion.  After  the  addition  of  DIDS  4  X  10  ~  4  M  to  the  bath,  peak 

current  increased  from  1,042  pA  to  1,265  pA.  This  suggests 
_ _  .  «  «  1  • _ 1 


by  TEA  but  not  to  CTX.  TEA  is  a  widely  documented 
blocker  of  a  potassium  channels,  but  CTX  is  now  known 
to  block  ocher  potassium  channels  as  well  as  the  calcium- 
activated  potassium  channels  [22).  In  some  cells,  CTX  blocks  . 
even  the  voltage-gated  maxi-K  channel  [23].  In  the  experi¬ 
ments  reported  here,  increased  levels  of  internal  calcium 
did  not  effect  any  change  in  either  the  magnitude  of  the 
potassium  current  or  in  the  reversal  potential,  results  that 
indicate  that  a  calcium-activated  potassium  current  is  either 
not  present  or  is  of  such  relative  magnitude  compared  to 
the  outward  rectifier  that  it  is  not  readily  visible  by  the 
whole-cell  technique.  In  experiments  in  which  the  mem¬ 
brane  holding  potential  was  increased  to  hyperpolarized 
levels  of  - 140  mV,  no  evidence  of  an  inward  rectifier  was 
seen.  The  reversal  potentials  measured  in  a  range  of  trans¬ 
membrane  potassium  concentrations  compared  with  the 
calculated  values  provide  clear  evidence  for  the  ionic  identity 
of  the  charge  carrier.  This  current  was  not  changed  m  the 
presence  of  tetrodotoxin,  an  observation  that  supports  our 
conclusion  that  a  sodium  current  is  not  present. 

This  report  documents  the  first  recordings  of  electrical 
activity  from  the  T47D  cell  line  of  human  breast  cancer,  an 
epithelial-like  cell  line  obtained  from  an  infiltrating  ductal 
carcinoma  of  the  breast.  Another  epithelial-like  cell  line  of 

humanbreastcancer(MCF-7), obtained  froman  adenocarci¬ 
noma,  has  been  explored  by  Woodfork  et  al  [3].  They  con¬ 
cluded,  from  experiments  using  known  potassium  blockers 
on  cell  proliferation,  that  a  ligand-activated  potassium  chan¬ 
nel  (i  e  an  ATP-sensitive  channel)  is  most  likely  involved 
in  the  proliferation  of  MCF-7  cells.  In  a  preliminary  report 
of  voltage-clamp  experiments  [24],  three  types  of  current/ 
voltage  relations  were  described  in  MCF-7  cancer  cells.  In 
the  presence  of  Mg-UDP  (uridine  diphosphate  to  enhance 
activation  of  KAtt)  in  the  pipette,  linear  I  vs.  V  relationships 
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showed  reversal  potentials  of  -62  mV  and  -7  mV,  respec¬ 
tively,  while  a  third  current  was  outwardly  rectifying  and 
reversed  at  -  23  mV.  Only  the  third  type  was  observed  when 
2  mM  ATP  was  also  added  to  the  pipette.  The  only  current 
reported  that  appears  similar  to  the  outward  rectifier  we 
describe  in  T47D  cells  is  a  linear  current  with  a  reversal 
potential  of  -  62  mV.  The  major  potassium  current  in  these 
two  cell  lines  seems  to  be  remarkably  different.  While  we 
have  not  yet  specifically  studied  the  effects  of  ATP,  we  did 
note  an  increased  leakage  current  in  symmetrical  potassium, 
which  suggests  the  presence  of  an  additional  component. 

Evidence  is  presented  here  for  the  presence  in  T47D  cells 
of  a  chloride  channel.  The  data  include  enhancement  of 
the  outward  current  by  aspartate  substitution  for  chloride, 
enhancement  of  the  outward  current  in  the  presence  of  the 
chloride  blocking  agent  DIDS,  and  the  shift  of  the  reversal 
potential  in  the  presence  of  altered  chloride  concentrations 
in  the  bath.  These  data  are  consistent  with  the  criteria  for 
the  identification  of  a  chloride  current. 

In  view  of  the  complex  nature  and  behavior  of  breast 
cancer  cells,  it  is  not  difficult  to  appreciate  that  chloride  ions 
may  function  in  multiple  roles  (e.g.,  membrane  stabilization, 
regulation  of  intracellular  pH,  modulation  of  secretion,  and 
cell  volume  control).  These  cells  exhibit  prolific  secretory 
behavior.  Another  possibility  to  be  considered  in  regard  to 
this  chloride  current  is  that  the  aspartate  itself  may  unmask 
a  different  potassium  component,  since  a  variety  of  amino 
acids  are  known  to  exert  excitatory  effects  on  cells  that  have 
receptors  for  these  agents  [25].  Further  studies  should  help 
to  characterize  and  identify  this  component  of  the  whole-cell 
currents. 

Whether  the  apparent  differences  in  the  currents  mea¬ 
sured  in  the  MCF7  and  T47D  cell  lines  are  related  to  some 
basic  property  of  these  two  types  of  cells  or  to  variations  in 
the  stage  of  the  cell  cycle  may  be  resolved  in  future  studies 
using  cell-cycle-synchronized  cultures.  Based  on  previous 
studies  with  other  cell  types  [1],  we  suggest  that  it  is  more 
likely  that  the  potassium  current  will  be  involved  in  modula¬ 
tion  of  the  cell  cycle  while  the  chloride  channel  will  be  linked 
to  secretion,  regulation  of  cell  volume,  or  some  other  cellular 
function. 
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Summary:  We  previously  found  that  expression  of  the  vasopressin  gene  is  a  common 
feature  of  human  breast  cancer.  In  the  present  study  we  examined  17  different  cases 
of  benign  fibrocystic  breast  disease  for  vasopressin  expression  using 
immunohisiochemistry  and  antibodies  directed  against  vasopressin  and  vasopressin- 
associated  glycopeptide.  All  cases  examined  were  negative  for  vasopressin  gene 
expression  using  these  antibodies.  These  results  suggest  that  vasopressin  gene 
expression  occurs  as  part  of  the  carcinogenic  process  rather  than  being  a  marker  of 
cellular  proliferation  in  the  breast. 
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Introduction 

Although  a  number  of  risk  factors  have  been  identified  as  possible  causative 
agents  for  breast  cancer,  the  etiological  origin  of  this  disease  remains  obscure 
(Henderson,  1993).  Among  those  conditions  which  are  predisposing  towards  breast 
cancer  are  proliferative  breast  disease,  particulary  atypical  ductal  and  lobular 
hyperplasia  (Dupont  and  Page,  1985;  London  et  al.,  1992;  Connolly  and  Schnitt, 

1993;  Dupont  et  al.,  1993).  Atypical  hyperplasia  is  classified  as  a  borderline  lesion 
because  it  has  some  of  the  histological  features  of  carcinoma  in  situ.  Previously  we 
found  that  expression  of  the  vasopressin  gene  is  a  common  feature  of  human  breast 
cancer  using  immunocytochemistry  and  antibodies  directed  against  different  regions 
of  the  vasopressin  precursor  (North  et  al.,  1995).  These  results  lead  to  the  possibility 
that  vasopressin  expression  could  either,  be  a  marker  of  cellular  proliferation, 
represent  part  of  the  oncogenic  process,  or  be  a  recognizable  feature  of  cancer 
progenitor  cells  in  precancerous  breast  lesions.  We  have  commenced  efforts  to 
examine  these  questions  by  performing  an  immunohistochemical  evaluation  for 
vasopressin  gene-expression  using  archival  material  representing  various  fibrocystic 

breast  lesions. 

Materials  and  Methods 
Tissues 

Formalin-fixed  biopsy  specimens  were  obtained  from  17  patients  with  various 
forms  of  benign  breast  disease  who  were  examined  between  1975  -  1984  at 
Dartmouth  Hitchcock  Medical  Center  (DHMC,  Lebanon,  NH).  The  cases  included,  4 
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cases  of  fibrocystic  disease  without  hyperplasia,  9  cases  of  fibrocystic  disease  with 
ductal  or  lobular  hyperplasia,  and  4  cases  of  fibrocystic  disease  with  atypical  ductal 
hyperplasia.  Diagnosis  from  pathology  reports  was  confirmed  by  examining 
hematoxylin-  and  eosin-  stained  sections.  These  cases  were  followed  for  the 
subsequent  development  of  breast  cancer.  Formalin-fixed  specimens  of  human 
hypothalamus  and  pituitary  were  obtained  from  autopsies  performed  at  DHMC. 


Antibodies 

Rabbit  polyclonal  antibodies  directed  against  vasopressin  and  the  18  amino 
acid  C-terminal  vasopressin-associated  glycopeptide  were  prepared  using 
previously  published  methods  (North  et  al.,  1991;  Friedmann  et  al.,  1994).  Antibody 
purification  involved  ammonium  sulfate  precipitation  of  the  immunoglobulin  fraction, 
and  fractionation  on  a  column  of  protein  A  Sepharose  with  pH  gradient  elution  (pH  7.6 
pH  3.0).  Antibodies  were  obtained  as  a  pH  4.0  subtraction,  dialyzed  and  lyophilized. 
Based  on  dilution  trials,  antibodies  to  vasopressin  and  vasopressin-associated 


glycopeptide  were  used  at  concentrations  of  11  ng/ml  (1:2,000)  and  190  ng/ml 
(1:800),  respectively.  Protein  concentrations  were  determined  using  differential 
spectroscopy  (Waddell,  1956). 


Immunohistochemistry 

Sections  of  4  -  6  microns  from  each  specimen  of  fibrocystic  breast  disease 
were  deparaffinised  and.  stained  for  vasopressin  and  vasopressin-associated 
glycopeptide  using  the  Vectastain  Elite  kit  (Vector  Laboratories,  Burlingame,  CA, 
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USA)  and  avidin-biotin  complex  (ABC)  immunohistochemistiy  (Guesdon  et  al.,  1979). 
Tissues  were  rehydrated  by  washing  with  xylene,  descending  concentrations  of 
ethanol,  and  PBS  (2  x  3  min,  ambient  temperature).  Slides  were  blocked  with  10% 
normal  goat  serum  in  PBS  for  20  min  at  ambient  temperature.  The  blocking  solution 
was  aspirated  and  sections  incubated  overnight  at  4  CC  with  primary  antibody  diluted 
in  PBS  with  1.5%  goat  serum.  Following  incubation  with  primary  antibody  the  slides 
were  washed  with  PBS  (2x3  min).  Goat'anti-rabbit  biotinylated  secondary  antibody 
diluted  in  PBS  containing  1.5%  goat  serum  was  applied  at  a  concentration  of  20  Jig/ml 
for  30  min.  Unbound  secondary  antibody  was  removed  by  washing  2x3  min  with 
PBS,  and  endogenous  peroxidase  activity  blocked  using  3%  hydrogen  peroxide 
dissolved  in  absolute  methanol  (Streefkerk,  1972).  After  washing  with  PBS  (3  x  5  min) 

,  slides  were  incubated  with  the  avidin-peroxidase  complex  (25  pg/ml)  for  30  min  at 
ambient  temperature.  Slides  were  washed  with  PBS  (2x3  min),  and  visualization  of 
bound  complex  was  achieved  by  adding  a  solution  of  3,3'diaminobenzidine  (0.2 
mg/ml  in  PBS  with  0.03%  hydrogen  peroxide)  for  2  -  5  min.  Tissues  were  then 
counterstained  with  hematoxylin,  dehydrated  in  ascending  concentrations  of  ethanol, 
washed  in  xylene,  and  coverslipped  using  permount.  Antibody  specificity  was 
insured  by  incubating  negative  controls  with  pre-immune  rabbit  serum  fractionated, 
using  protein  A  Sepharose,  at  pH  4.0. 

Results 

Positive  immunohistochemical  staining  was  obtained  for  vasopressin  neurons 
in  human  hypothalamus  and  for  neuronal  terminals  of  these  neurons  in  the  posterior 
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pituitary  with  both  antibody  preparations  (data  not  shewn).  Alternatively,  negative 
staining  was  obtained  with  both  of  these  antibodies  in  the  17  cases  of  benign  breast 
disease.  In  several  tissue  sections  staining  of  mononuclear  cells  was  evident. 

Staining  of  sections  with  pre-immune  rabbit  serum  resulted  in  a  lack  of  staining.  As 
demonstrated  previously,  Fig  la  demonstrates  positive  staining  of  an  acetone-fixed 
infiltrating  ductal  breast  cancer  biopsy  specimen  with  the  vasopressin-associated 
glycopeptide  antibody  (North  et  al.,  1995).  In  this  section  the  breast  cancer  cells 
demonstrate  intense  staining,  and  the  normal  ducts  of  the  breast  are  unstained. 

Figure  1b  demonstrates  a  tissue  section  of  fibrocystic  disease  with  adenosis  which 
showed  no  immunostaining  with  the  antibody  to  vasopressin-associated 
glycopeptide.  A  case  of  atypical  ductal  hyperplasia  is  represented  in  Fig  1c  which 
exhibited  negative  staining  with  the  antibody  to  vasopressin  .  It  should  be  noted  that 
the  nuclei  of  cells  appear  dark  because  the  nuclear  counterstain  hematoxylin  was 
used.  Follow-up  of  the  medical  records  revealed  that  three  individuals,  one  from 
each  classification  group,  subsequently  developed  breast  cancer. 

Discussion 

There  is  an  increasing  body  of  evidence  which  supports  a  connection  between 
vasopressin  and  breast  cancer.  There  are  two  published  clinical  reports  of  patients 
with  breast  cancer  presenting  with  the  syndrome  of  inappropriate  antidiuretic  hormone 
secretion  (Gupta  et  al.,  1986;  Howard  et  al.,  1993).  Both  in  vitro  and  in  vivo  studies 
support  a  connection  between  vasopressin  and  breast  cancer.  Several  studies 
indicate  that  a  cell  line  derived  from  a  dimethy!benz(a)anthracene-induced  rat 
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mammary  tumor  possesses  functional  Vla  vasopressin  receptors  (Monaco  et  al., 

1978;  Monaco  et  al..  I960;  Guillon.et  al.,  1986;  Kirk  et  al.,  1986;  Woods  and  Monaco, 
1988  ).  Vasopressin  was  shown  to  have  a  growth-promoting  influence  on  MCF-7 
breast  cancer  cells,  presumably  through  V,  vasopressin  receptors  (Taylor  et  al., 

1990).  Another  study  has  demonstrated  that  vasopressin-induces  a  rise  in 
intracellular  free  calcium  in  a  human  breast  cancer  cell  line  (Bunn  et  al.,  1992).  In  a 
transgenic  mouse  model  of  breast  cancer,  ectopic  vasopressin  was  found  to  stimulate 
cancer  growth,  but  did  not  influence  the  time  to  tumor  onset  (Chooi  et  al..  1994). 

Using  antibodies  directed  against  various  regions  of  the  vasopressin 
prohormone  and  the  technique  of  immunohistochemistry  we  found  that  expression  of 
vasopressin  gene-related  products  is  a  common  feature  of  breast  cancers  (North  et 
al.,  1995).  In  the  present  study  it  was  found  that  the  various  cases  of  fibrocystic 
disease  did  not  exhibit  staining  with  antibodies  directed  against  vasopressin  or 
vasopressin-associated  glycopeptide.  These  two  antibodies  had  previously  given 
positive  immunostaining  with  all  of  the  breast  cancer  specimens  examined.  The 
results  obtained  in  the  present  study  suggest  that  expression  of  vasopressin  gene- 
related  products  is  associated  with  the  carcinogenic  process  and  not  with  benign 
breast  disease.  These  results  also  indicate  that  expression  of  vasopressin  gene- 
related  products  is  not  just  a  marker  of  proliferation  in  the  breast  as  indicated  by  the 
lack  of  staining  of  the  tissue  sections  consisting  of  hyperplasia.  Examination  of 
subsequent  medical  records  for  these  patients  indicated  that  3  of  these  cases  (1  case 
of  fibrocystic  disease  without  hyperplasia,  1  case  of  fibrocystic  disease  with 
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hyperplasia.  1  case  of  fibrocystic  disease  with  atypical  hyperplasia)  went  on  to 
develop  breast  cancer.  Although  the  sample  number  is  small  these  findings  suggest 
that  vasopressin  gene-related  products  are  not  markers  ol  premalignant  lesions  which 
Win  subsequently  develop  into  breast  cancer.  Such  findings  are  consistent  with  those 
obtained  by  Chooi  et  al.  (1994)  with  MMT/-VP  vasopressin  transgenic  mice.  In 
these  animals  it  was  obse^ed  that  vasopressin  had  no  intluence  on  normal  mamman, 
gland  function  and  development,  and  did'not  cause  the  development  of  hyperplastic 
alveolar  nodules  and  ductal  hyperplasia.  Taken  together,  these  data  are  suggestive 
that  vasopressin  gene  expression  is  not  involved  in  benign  breast  disease,  and  is  not 
a  marker  of  preneoplastic  changes  in  the  breast.  It  would  therefore  seem  to  be  a 
marker  of  the  carcinogenic  process  in  the  breast.  We  are  in  the  process  of  examining 
cases  of  carcinoma  in  situ  to  determine  if  vasopressin  gene-related  products  are 
detectable  at  this  stage  of  breast  cancer. 
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Figure  1  a,  Positive  staining  for  vasopressin-associated  glycopeptide  in  a  tissue 
section  of  infiltrating  ductal  breast  cancer.  Note  the  lack  of  staining  in  a  normal 
structure,  as  indicated  by  the  arrow  (magnification  =  147  x).  b,  Negative  staining  for 
vasopressin  in  a  tissue  section  of  fibrocystic  disease  with  atypical  ductal  hyperplasia 
(magnification  =  147  x).  c,  Negative  staining  for  vasopressin-associated 
glycopeptide  in  a  tissue  section  of  fibrocystic  disease  with  adenosis  (magnification  = 

147  x). 
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Abstract 

We  have  previously  provided  evidence  that  an  autocrine  loop  involving  vasopressin  is  present  in  perhaps  all  breast  cancers.  This  study 
now  shows  MCF-7  breast  cancer  cells  express  mRNAs  for  all  currently  recognized  vasopressin  receptor  subtypes  (Vla,  Vlb,  and  V2). 
Cloning  and  DNA  sequencing  over  the  entire  open  reading  frame  of  each  mRNA  revealed  that  normal  sequences  representing  each  receptor 
were  present.  However,  in  addition,  an  abnormal  mRNA  for  the  V2  receptor,  expected  to  give  rise  to  a  truncated  ‘diabetic’  protein,  was  also 
expressed.  Western  analysis  revealed  that  all  three  normal  mRNAs  gave  rise  to  proteins  of  sizes  compatible  with  them  being  functional 
receptors.  The  abnormal  V2  receptor  mRNA  also  gave  rise  to  proteins.  ©  1999  Elsevier  Science  Inc.  All  rights  reserved. 

Keywords:  Vasopressin;  Receptors;  Breast  cancer 


1.  Introduction 

Vasopressin  is  reported  to  have  growth-promoting  activ¬ 
ity  on  cells  of  the  breast  cancer  cell  line  MCF-7  [22].  Such 
an  action  would  require  these  cells  to  express  at  least  one 
subtype  of  vasopressin  receptor,  presumably  the  Vla  recep¬ 
tor  subtype,  but  this  has  not  yet  been  demonstrated.  In 
addition,  no  attempt  has  been  made  to  discover  if  two  other 
receptor  subtypes,  vasopressin  Vlb  and  V2  receptors,  are 
also  present.  Although  all  three  receptors  are  G-linked  pro¬ 
teins  possessing  seven  membrane-spanning  domains,  vaso¬ 
pressin  binding  to  VIa  or  Vlb  subtypes  promotes  phospho¬ 
lipase  activities  whereas  binding  to  the  V2  subtype  primarily 
promotes  adenylate  cyclase  activity  and  the  formation  of 
cyclic  AMP  (cAMP).  Recently,  we  were  able  to  show  that 
both  classic  and  variant  forms  of  small-cell  lung  cancer 
(SCLC)  express  all  three  receptor  subtypes,  plus  a  putative 
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human  vasopressin-activated  calcium  mobilizing  (hVACM) 
receptor  [18,19].  However,  although  a  normal  V2  receptor 
subtype  was  apparently  manufactured  only  by  classic 
SCLC,  both  classic  and  variant  SCLC  generated  an  abnor¬ 
mal  form  of  this  receptor,  apparently  the  product  of  incom¬ 
plete  posttranscriptional  processing.  In  the  current  study, 
reverse  transcription  polymerase  chain  reaction  (RT-PCR), 
cloning,  and  DNA  sequencing  were  used  to  obtain  mRNA 
sequences  that  encompassed  the  entire  open  reading  frame 
of  each  of  the  human  vasopressin  Vla,  V15,  and  V2  receptor 
subtypes.  In  addition,  antibodies  specific  to  each  receptor 
subtype  were  used  in  Western  analysis  to  examine  the 
nature  of  protein  products  resulting  from  mRNA  translation. 


2.  Methods 

2.7.  Cell  culture  and  human  tissues 

The  breast  cancer  cell  line  MCF-7  was  purchased  from 
the  American  Type  Culture  Collection  (Rockville,  MD, 
USA).  This  cell  line  has  been  shown  to  express  vasopressin 
gene-related  products  by  immunocytochemistry  [17],  and 
by  Western  analysis  (unpublished  data).  Cells  were  main¬ 
tained  in  Dulbecco’s  modified  Eagle’s  medium  (Sigma,  St. 
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Table  1 

Primers  and  antibodies  designed  for  RT-PCR.  sequencing,  and  Western  blot  analysis  of  vasopressin  receptors  in  breast  cancer  cells 


Vasopressin 

receptor 

PCR  and 

sequencing  primers 

Western  blot  antibodies 

Primer 

name 

Length 

Nucleotide 

location 

Strand 

Antibody 

name 

Peptideil 

antigen 

Protein 

location 

V,a  receptor 

A 1 

20 

-23—4 

+ 

A2 

20 

. 823-842 

+ 

A3 

22 

145-166 

+ 

Vivian 

H-(Y)VNNVTKARD-NH2 

194-202 

B 

20 

795-814 

- 

C 

18 

1258-1275 

- 

D 

20 

412-431 

- 

Vlb  receptor 

F0 

20 

-123—104 

+ 

F5 

21 

394^14 

+ 

F4 

20 

947-966 

+ 

R3 

18 

493-512 

- 

Bivily 

H-(Y)PLWDANPTP-NH2 

5-13 

R5 

21 

1008-1028 

- 

RO 

20 

1308-1325 

- 

V2  receptor 

A 

20 

40-59 

+ 

Rocket 

H-(Y)VEGGSGVTD-NH2 

183-191 

C 

20 

379-398 

+ 

Abnerb 

H-(Y)LEGGCSRG-OH 

302-309 

D 

20 

1221-1240 

F 

21 

837-857 

RT-PCR,  reverse  transcription-polymerase  chain  reaction. 

11  The  tyrosine  residue  shown  in  parentheses  is  not  part  of  the  receptor  protein  sequence  and  was  added  to  the  structure  of  the  antigen  to  allow  it  to  be 
iodinated.  Each  peptide  was  coupled  to  bovine  thyroglobulin  for  immunizations. 

b  The  antigen  used  to  generate  Abner  antibodies  represents  the  C-terminal  eight-amino-acid  residues  of  an  abnormal  truncated  V2  receptor.  Its  complete 
gene  and  protein  sequences  can  be  found  at  National  GenBank  under  the  accession  number  AF032388. 


Louis,  MO,  USA)  supplemented  with  1  mM  sodium  pyru¬ 
vate,  10  jug/ml  bovine  insulin,  and  10%  fetal  bovine  serum 
(HyClone,  Logan,  UT,  USA)  and  grown  as  a  monolayer  in 
a  humidified  atmosphere  of  5%  C02  at  37°C. 


2.2.  RNA  isolation  and  RT-PCR 

Total  RNA  was  isolated  from  cells  by  using  TRIZOL 
Reagent  (Life  Technologies,  Inc,  Gaithersburg,  MD,  USA). 
This  total  RNA  (1-5  peg)  was  added  into  a  Superscript 
preamplification  system  (Life  Technologies)  for  the  synthe¬ 
sis  of  the  first  cDNA  strand  by  using  an  oligo(dT)  primer 
and  reverse  transcriptase  (400  U),  and  the  product  used 
directly  for  PCR.  PCR  was  performed  in  a  thermocycler 
(ERICOMP,  San  Diego,  CA,  USA).  The  reaction  mixtures 
were  overlaid  with  50  pd  of  mineral  oil  and  subjected  to  an 
initial  denaturation  at  96°C  for  2  min,  followed  by  30  cycles 
comprising  a  denaturation  step  at  96°C  for  30  s,  a  step  for 
annealing  the  primers  to  the  template  at  58°C  for  1  min  30  s, 
and  an  extension  step  at  72°C  for  1  min  30  s.  At  the  completion 
of  the  cycling  reaction,  an  additional  extension  step  at  72°C  for 
10  min  was  performed.  Features  of  primers  selected  for  PCR 
and  sequencing  of  Vla,  Vlb,  and  V2  receptors  are  summarized 
in  Figs,  la,  2a,  and  3a,  and  in  Table  1.  These  primers  were 
synthetic  18,  20,  and  22  oligomers  designed  to  yield  overlap¬ 
ping  PCR  products  of  452,  454,  and  669  bp  for  V Ia  receptors; 
synthetic  18  and  20  oligomers  yielding  overlapping  PCR  prod¬ 
ucts  of  380,  634,  and  635  bp  for  V,b  receptors;  and  synthetic 
20  oligomers  providing  overlapping  PCR  products  of  817  and 


862  bp  for  V2  receptors.  These  PCR  products  for  V,  and  V2 
receptors  collectively  spanned  the  entire  open  reading  frame  of 
the  receptor  mRNAs.  PCR  products  were  extracted  with  an 
equal  volume  of  chloroform  and  examined  on  2%  agarose  gels. 

2.3.  Cloning  and  sequencing 

PCR  products  (1  /xl,  4-12  ng)  of  vasopressin  receptors 
were  ligated  into  a  pCR  vector  and  2  pd  of  the  ligation 
mixture  transformed  in  One  Shot  Competent  Cells  by  using 
a  TA  Cloning  Kit  (Invitrogen,  San  Diego,  CA,  USA).  Plas¬ 
mid  clones  were  prepared  with  a  Wizard  Minipreps  DNA 
purification  system  (Promega,  Madison,  WI,  USA),  and 
screened  by  EcoRl  digestion  and  agarose  gel  electrophore¬ 
sis.  At  least  two  positive  clones  of  each  PCR  product  were 
chosen  for  double-strand  cDNA  sequencing  with  a 
DyeDeoxy  Terminator  Cycle  Sequencing  Kit  (Applied  Bio¬ 
systems,  Perkin-Elmer,  Foster  City,  CA,  USA).  The  prim¬ 
ers  chosen  for  PCR  amplifications,  as  described  in  Figs,  la, 
2a,  3a  and  vector  universal  primers  (Ml 3  forward  and  M13 
reverse),  together  served  as  sequencing  primers.  The  proto¬ 
col  for  sequencing  cloned  cDNA  (1  pig)  was  as  follows: 
96°C,  2  min;  25  cycles  at  96°C,  15  s,  50°C,  15  s,  and  60°C, 
4  min.  The  products  were  purified  with  Centri-Sep  spin 
columns  (Princeton  Separations,  Adelphia,  NJ,  USA).  Au¬ 
tomated  DNA  sequencing  was  performed  by  using  a  Model 
373  DNA  Sequencer  from  Applied  Biosystems,  Perkin- 
Elmer. 
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Fig.  I.  Evaluations  for  human  vasopressin  Vla  receptors  from  the  MCF-7  breast  cancer  cell  line,  (a)  Synthetic  primers  selected  for  reverse  transcription- 
polymerase  chain  reaction  (RT-PCR)  and  sequencing,  (b)  RT-PCR  products  from  a  total  RNA  preparation  separated  on  a  2 %  agarose  gel  and  visualized  with 
ethidium  bromide.  Lane  1,  100-bp  DNA  ladder;  lane  2,  452-bp  product  of  expected  size  obtained  with  primers  Al  and  D;  lane  3,  669-bp  product  of  expected 
size  obtained  with  primers  A3  and  B;  lane  4, 454-bp  product  of  expected  size  obtained  with  primers  A2  and  C.  (c)  Western  blot  analysis  from  sodium  dodecyl 
sulfate  polyacrylamide  gel  electrophoresis  (12%)  with  an  enhanced  chemiluminescence  (ECL)  detection  system  (Amersham)  showing  dithioerythritol- 
reduced  proteins  of  ^82,  57,  45,  and  30  kDa  that  were  immunoreactive  with  rabbit  polyclonal  antibodies  (Vivian  3). 


2.4.  Polyclonal  antibodies  and  Western  analysis 

Rabbit  polyclonal  antibodies  to  the  human  vasopressin 
Vla,  V]b,  and  V2  receptors,  and  an  abnormal  form  of  V2 
receptors,  were  generated  by  using  procedures  similar  to 
those  described  previously  [18,19].  Decapeptide  amides, 
nonapeptide  amides,  or  decapeptides  representing  eight  to 
10  amino  acid  unique  sequences  in  each  of  the  four  receptor 
forms  with  an  added  N-terminal  tyrosine  (to  permit  iodide 
labeling),  when  this  amino  acid  was  not  already  present  in 
the  sequence  chosen,  were  used  as  antigens  [18,19].  Table  1 
illustrates  the  nature  of  these  peptides  and  their  sequential 
location  from  the  N-terminus  of  respective  translated  recep¬ 
tor  proteins.  Antibodies  from  antisera  (Vivian  for  Vla  re¬ 
ceptor,  Bivily  for  V15  receptor,  Rockie  for  V2  receptor,  and 
Abner  for  the  abnormal  V2  receptor)  obtained  in  this  man¬ 
ner  were  isolated  as  IgG2b  fractions  from  protein  A-Sepha- 
rose  (Sigma)  chromatography  for  use  in  Western  blot  anal¬ 
ysis  at  concentrations  of  10  /xg/ml.  Samples  for  Western 
analysis  were  prepared  by  sonicating  cells  (0.4-1. 2  X  107) 
in  1.0  ml  of  lysis  buffer  (10  mM  Tris-HCl,  5  mM  EDTA,  50 
mM  NaCl,  30  mM  NaH2P04,  50  mM  NaF,  0.1  mM 
Na3V04,  1  mM  phenylmethylsulfonyl  fluoride,  0.2  IU/ml 
aprotinin,  0.1%  Triton  X-100,  pH  7.6).  Homogenates  were 
centrifuged  for  2  min  at  12  000  X  g  and  ambient  tempera¬ 
ture.  Soluble  extracts  were  mixed  1:1  with  2X  sodium 
dodecyl  sulfate  (SDS)/Tris-HCl  sample  buffer  (pH  8.7)  con¬ 
taining  50  mM  dithiothreitol,  and  proteins  reduced  by  heat¬ 
ing  at  100°C  for  5  min.  These  proteins  were  then  subjected 
to  SDS-polyacrylamide  gel  electrophoresis  electrophoresis 
on  12%  gels  at  pH  9.3,  by  using  the  method  of  Laemmli 
[12].  Separated  proteins  were  electrophoretically  transferred 
in  20  mM  Tris-glycine  to  immobilon  polyvinylidene  diflu¬ 
oride  (PVDF)  membranes.  These  membrane  transfers  were 
dried  and  incubated  for  16  h  at  4°C,  with  rabbit  polyclonal 
antibody  preparation  against  Vla,  V15,  and  V2  normal,  or  V2 
abnormal  receptors  (see  above)  in  pH  7.4  Tris-HCl  buffer 


[10  mM  Tris-HCl,  100  mM  NaCl,  5%  bovine  serum  albu¬ 
min  (BSA),  and  0.1%  Tween  20].  After  washings  (X3)  in 
the  pH  7.4  buffer,  membrane  transfers  were  incubated  with 
a  goat  anti-rabbit  IgG  horseradish  peroxidase  conjugate  for 
1  h.  Each  was  removed  by  washing  (X3)  in  Tris-HCl  buffer, 
pH  7.4.  Transfers  were  sometimes  placed  in  a  1:50  dilution 
of  33%  H202  in  methanol  for  30  min  before  blocking  (to 
destroy  endogenous  peroxidase  activity  in  the  sample).  Im¬ 
munoreactive  proteins  in  peroxidase-treated  transfers  were 
visualized  by  using  an  enhanced  chemiluminescence  (ECL) 
Western  Blotting  Detection  System  (Amersham  Life  Sci¬ 
ences,  Arlington  Heights,  IL,  USA)  with  exposure  of  X-ray 
film  from  30  s  to  120  s.  Prestained  SDS-polyacrylamide  gel 
electrophoresis  standard  proteins  (Bio-Rad  Laboratories, 
Hercules,  CA,  USA)  were  used  as  molecular  size  markers. 


3.  Results 

3.1.  RT-PCR ,  cloning ,  and  DNA  sequencing 

By  using  forward  and  reverse  primers  selected  to  provide 
overlapping  sequences  covering  the  entire  open  reading 
frames  of  vasopressin  Vla,  and  V15  mRNAs,  RT-PCR  of 
total  RNA  preparations  from  MCF-7  cells  yielded,  in  each 
case,  a  single  product  of  the  expected  size  predicted  from 
the  cDNA  for  the  human  forms  of  these  receptors  derived 
from  liver  [24]  or  blood  vessels  [8],  from  pituitary  [6,21]; 
and  from  SCLC  [19].  All  of  the  products  were  generated 
from  RNA  and  not  DNA  template  because  no  intronic 
segments  that  these  products  spanned  were  evident.  The 
three  products  obtained  for  the  Vla  receptor  (452,  454,  and 
669  bp),  and  the  three  obtained  for  the  VJb  receptor  (635, 
634,  and  380  bp)  are  shown  in  Fig.  la  and  lb  and  Fig.  2a 
and  2b.  However,  RT-PCR  with  forward  and  reverse  prim¬ 
ers  selected  to  obtain  overlapping  sequences  covering  the 
entire  sequence  of  vasopressin  V2  mRNA  (Fig.  3a)  gave  not 


840 


W.G.  North  et  ai  /  Peptides  20  ( 1999)  837-842 


a 


b. 


c. 


Vlb  mRNA,  1276  bp  - 3’ 


f0r3=635bp 


f5r5=634bp 


f4i0=380bp 


fO,  5'-tccctgtcattctcaacgct-3' 
f5, 5'-cgctacctggctgtctgtcac-3' 
f4, 5’-ccaatgtggctttcaccatc-3' 
r3,  5'-gaagacttgagggaggct-3’ 
r5,  5'-ctgttgaagcccatgtagatc-3' 
iO,  5'-cagagaacctccactagtcc-3* 


-82KD 

78KD 


^-42KD 
—  35KD 


Fig.  2.  Evaluations  for  human  vasopressin  V)b  receptors  from  the  MCF-7  breast  cancer  cell  line,  (a)  Synthetic  primers  selected  tor  RT-PCR  and  sequencing, 
(b)  RT-PCR  products  from  a  total  RNA  preparation  separated  on  a  2%  agarose  gel  and  visualized  with  ethidium  bromide.  Lane  1,  100-bp  DNA  ladder;  lane 
2,  635-bp  product  of  expected  size  obtained  with  primers  fO  and  r3;  lane  3,  634-bp  product  of  expected  size  obtained  with  primers  f5  and  r5;  lane  4,  380-bp 
product  of  expected  size  obtained  with  primers  f4  and  rO.  (c)  Western  blot  analysis  from  sodium  dodecyl  sulfate  polyacrylamide  gel  electrophoresis  (12%) 
with  an  enhanced  chemiluminescence  (ECL)  detection  system  (Amersham)  showing  dithioerythritol-reduced  proteins,  =»82,  78,  42,  and  35  kDa  from  MCF-7 
cells  that  were  immunoreactive  with  rabbit  polyclonal  antibodies  (Bivily  3). 


only  normal  products  [2],  but  also  one  abnormally  sized 
product  (Fig.  3b).  The  abnormal  form  was  obtained  as  a 
second  product  when  primers  spanning  intron  2  were  used 
and  was  larger  by  the  size  of  this  intron  (~100  bp)  than  the 
size  of  862  bp,  predicted  from  the  structure  of  V2  receptor 
mRNA.  A  similar  product  was  earlier  reported  by  us  to  be 
a  product  of  SCLC  [19].  Cloning  and  sequencing  of  all  V  ,a- 
and  Vlb-related  products,  and  V2-related  products  of  pre¬ 
dicted  size,  showed  them  to  collectively  provide  a  complete 
characterization  of  human  V  la  mRNA  for  the  MCF-7  breast 
cancer  cell  line  from  —23  at  the  5'  end  (23  bases  before  the 
reading  frame)  through  1224  at  the  3'  end  (18  bases  beyond 
the  reading  frame),  for  V15  mRNA  from  123  bases  beyond 
the  5'  end  to  52  bases  beyond  the  3'  end,  and  for  V2  mRNA 
from  32  bases  beyond  the  5 '  end  to  53  bases  beyond  the  3' 
end.  The  sequences  for  the  vasopressin  V ,  receptor  mRNAs 


had  exact  sequence  homology  with  the  sequence  of  human 
V!a  mRNA  and  the  sequence  of  human  V,5  mRNA  pub¬ 
lished  earlier  by  us  and  others  [6,19,21,24].  One  sequence 
of  human  V2  receptor  mRNA  from  breast  cancer  cells  was 
identical  to  that  published  by  us  and  others  for  normal 
human  tissues  [2,7].  In  additionally,  an  enlarged  product  of 
the  V2  receptor  was  found  to  contain  the  entire  106  bases  of 
intron  2  in  addition  to  sequence  for  V2  mRNA. 

3.2.  Western  analysis 

Western  analysis  by  use  of  the  protein  A-isolated  IgG2b 
preparation  of  polyclonal  antibodies  against  the  Vla  recep¬ 
tor  (Vivian  3)  revealed  the  presence  of  major  protein  bands 
at  ^82,  57,  45,  and  30  kDa,  although  use  of  isolated  poly¬ 
clonal  antibodies  to  Vlb  receptor  (Bivily  3)  gave  prominent 
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Fig.  3.  Evaluations  for  human  vasopressin  V2  receptors  from  the  MCF-7  breast  cancer  cell  line,  (a)  Synthetic  primers  selected  for  RT-PCR  and  sequencing, 
(b)  RT-PCR  products  from  a  total  RNA  preparation  separated  on  2%  agarose  gels  and  visualized  with  ethidium  bromide.  Lane  1,  817-bp  product  of  expected 
size  obtained  with  primers  A  and  F;  lane  2,  100-bp  DNA  ladder;  lane  3,  968-bp  product  of  enlarged  size  obtained  with  primers  C  and  D  from  H82  small-cell 
lung  cancer  cells  [2];  lane  4,  862-bp  product  of  expected  size  and  968-bp  product  of  enlarged  size  obtained  with  primers  C  and  D  from  MCF-7  breast  cancer 
cells,  (c)  Western  blot  analysis  from  sodium  dodecyl  sulfate  polyacrylamide  gel  electrophoresis  (12%)  with  an  enhanced  chemiluminescence  (ECL)  detection 
system  (Amersham)  showing  the  following:  Lane  1,  dithiothreitol-reduced  proteins  of  ^47,  41,  and  30  kDa  from  MCF-7  cells  that  were  immunoreactive  with 
rabbit  polyclonal  antibodies  against  the  normal  receptor  (Rockie  3);  lane  2,  dithioerythritol-reduced  proteins  of  ^Sl,  48, 43,  and  34  kDa  immunoreactive  with 
antibodies  against  an  abnormal  form  of  the  receptor  (Abner  3). 
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protein  bands  at  ^82,  78,  42,  and  35  kDa.  Western  analysis 
with  polyclonal  antibodies  to  the  vasopressin  V2  receptor 
(Rockie  3)  demonstrated  prominent  protein  bands  at  ^47, 
41,  and  30  kDa.  These  could  represent  products  of  both  the 
normal  V2  mRNA  and  the  abnormal  V2  mRNA  because 
both  types  of  receptor  proteins  (and  some  of  their  metabo¬ 
lites)  should  react  with  Rockie  antibodies  that  recognize  an 
epitope  in  the  N-terminal  region.  When  antibodies  against 
the  abnormal  vasopressin  V2  structure  (Abner  3)  were  used 
on  MCF-7  cell  extracts,  prominent  protein  bands  at  81,  48, 
43,  40,  and  34  kDa  were  displayed.  These  immunoreactive 
proteins  would  represent  only  the  abnormal  receptor  plus 
glycosylated  and  N-terminally  truncated  metabolites  be¬ 
cause  Abner  antibodies  specifically  recognize  the  abnormal 
C-terminus.  Data  from  profiles  representing  Western  anal¬ 
ysis  performed  by  using  the  enhanced  chemiluminescence 
(ECL)  procedure  and  antibodies  against  Vla,  Vlb,  and  V2 
receptor  proteins  from  MCF-7  breast  cancer  cells  are  illus¬ 
trated  in  Figs,  lc,  2c,  and  3c. 

4.  Discussion 

Breast  cancer,  exemplified  here  by  MCF-7  cells,  is 
shown  for  the  first  time  to  express  gene  products  for  not  one, 
but  all  three  of  the  currently  recognized  receptor  subtypes 
(Vla,  Vjb,  and  V2)  for  the  hormone  vasopressin.  In  addition, 
an  mRNA  for  the  putative  human  vasopressin  receptor 
known  as  human  vasopressin-activated  calcium  mobilizing 
(hVACM)  receptor  [13]  was  also  shown  to  be  expressed  by 
MCF-7  cells,  but  details  of  these  studies  will  be  presented 
elsewhere.  With  respect  to  Vla  and  Vlb  receptor  subtypes,  a 
single  mRNA  is  produced  and  each  was  found  to  have 
sequence  identity  with  those  expressed  by  normal  tissues 
[21,24].  For  the  V2  receptor  subtype,  both  a  sequentially 
normal  form  of  mRNA  [2,7]  and  a  sequentially  abnormal 
form  of  mRNA  were  present  in  these  cells. 

The  abnormal  mRNA  expressed  by  MCF-7  cells  is  iden¬ 
tical  to  the  larger  form  of  V2  receptor  mRNA  produced  by 
small-cell  carcinoma  [19].  This  mRNA  contains  the  entire 
structure  for  intron  2  of  the  gene,  and  is  apparently  the 
product  of  incomplete  splicing  [2].  The  introduction  of  a  tag 
stop  codon  into  the  reading  frame,  a  short  distance  from  the 
5'  end  of  the  transcribed  intron,  starting  at  base  position 
1359  of  the  gene,  leads  us  to  expect  this  mRNA  will  trans¬ 
late  into  a  C-terminally  truncated  receptor  lacking  the  sev¬ 
enth  transmembrane  domain.  That  this  mRNA  is  translated 
into  protein  products  is  supported  by  the  presence  in  MCF-7 
cell  extracts  of  proteins  immunoreactive  with  antibodies 
solely  recognizing  this  abnormal  truncated  C-terminal  struc¬ 
ture.  A  similar  receptor,  lacking  the  seventh  transmembrane 
domain  and  C-terminus  of  the  normal  V2  receptor,  is  pre¬ 
dicted  to  be  produced  through  a  single  base  substitution  in 
the  inherited  form  of  nephrogenic  diabetes  insipidus  known 
as  the  ‘Utah’  type  [3].  Because  the  Utah  receptor  appears  to 
be  nonfunctional,  it  is  likely  that  the  abnormal  tumor  recep¬ 


tor  is  either  also  nonfunctional,  or  serves  as  a  ‘null’  receptor 
if  able  to  bind  peptide  and  be  expressed  at  the  surface  of 
cells.  However,  the  studies  of  Sadeghi  et  al.  [20]  suggest 
that  receptor  proteins  lacking  the  seventh  transmembrane 
domain  might  not  become  components  of  the  plasma  mem¬ 
brane.  Of  perhaps  more  significance  to  tumor  cell  regulation 
are  the  recent  studies  of  Zhu  and  Wess  [28]  that  predict  this 
truncated  receptor  would  serve  to  inhibit  the  function  and 
cell  trafficking  of  full-length  V2  receptor  possibly  through 
the  formation  of  a  heterodimeric  structure. 

Both  normal  and  abnormal  mRNAs  of  MCF-7  breast 
cancer  cells  were  shown  to  be  translated  into  receptor  pro¬ 
teins  that  are  recognized  through  interactions  with  specific 
antibodies.  The  protein  products  of  all  three  normal  mRNAs 
seem  to  be  of  sizes  (30-50  kDa  and  70-87  kDa)  compatible 
with  them  being  glycosylated  and  nonglycosylated  forms  of 
functional  receptors  [2,6,11,24].  The  expression  by  breast 
cancer  cells  of  both  Vj  and  V2  receptors  implies  that  vaso¬ 
pressin  can  initiate  a  whole  range  of  intracellular  cascades 
that  include  activation  of  phospholipases  and  protein  kinase 
C,  as  well  as  activation  of  adenylate  cyclase  and  protein 
kinase  A  [1,10,23,25-27]. 

A  common  feature  of  breast  cancer  would  seem  to  be  an 
autocrine  loop  involving  vasopressin,  because  coupled  with 
the  current  findings  we  have  earlier  obtained  evidence  that 
vasopressin  is  produced  by  apparently  all  breast  cancers 
[16].  The  growth-promoting  actions  reported  for  vasopres¬ 
sin,  on  MCF-7  breast  cancer  cells  by  Taylor  et  al.  [22],  and 
on  mammary  tumors  by  Chooi  et  al.  [5],  are  presumably 
exercised  through  V!a  and/or  Vlb  receptors.  These  receptors 
are  reported  to  activate  phospholipases  A2,  C,  D,  and  pro¬ 
tein  kinase  C,  raise  intracellular  free  Ca2+,  and  increase 
phosphorylation  of  mitogen-activated  protein  (MAP)  kinase 
and  of  focal  adhesion  kinase  (FAK),  in  normal  tissues  and 
in  small-cell  cancer  cells.  All  of  these  transduction  cascades 
have  been  associated  with  cellular  mitogenesis  [1,23,25- 
27].  However,  Taylor  et  al.  [22]  also  showed  that  vasopres¬ 
sin  can  inhibit  the  growth  of  MCF-7  cells.  We  believe  there 
is  a  growing  body  of  supportive  evidence  that  this  negative 
influence  on  growth  of  the  peptide  could  be  exercised 
through  normal  vasopressin  V2  receptors,  and  have  earlier 
proposed  this  for  SCLC  [19]. 

In  support  of  a  vasopressin  V2  receptor-related  mecha¬ 
nism  being  involved  with  the  growth  inhibition  of  breast 
cancer  cells  are  the  earlier  findings  that  growth  inhibition,  as 
well  as  growth  promotion  and  cellular  differentiation  in 
tumors,  can  be  associated  with  changes  in  cAMP  [9,14,15]. 
More  recently  and  significantly,  Cassoni  et  al.  [4]  have 
demonstrated  that  inhibition  of  a  breast  cancer  cell  line  is 
produced  by  rises  in  cAMP.  Because  vasopressin  raises 
cAMP  by  activating  V2  receptors,  it  seems  likely  the  peptide 
can  inhibit  growth  through  this  mechanism.  If  this  is  indeed 
the  case,  it  means  vasopressin  through  its  different  receptors 
is  exercising  a  multifaceted,  rather  than  a  simple  mitogenic 
role  in  the  growth  and  survival  of  breast  cancer,  and  can  best 
be  described  as  an  autocrine  growth  modulatory  agent,  in 
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much  the  same  way  it  is  regarded  as  a  neuromodulatory 
agent  in  the  central  nervous  system.  It  is  also  possible  such 
eclectic  properties  are  exhibited  not  only  by  vasopressin,  but 
by  most,  or  all,  other  autocrine  tumor  growth  factors. 
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Summary 

Prohormone  convertases  (PCs),  carboxypeptidases  (CPs)  and  peptidylglycine  a-amidating 
monooxygenase  (PAM)  are  the  major  classes  of  enzymes  required  for  processing  peptide  growth 
factors  and  their  receptors  into  biologically  active  forms.  A  number  of  growth  factors  and 
receptors,  such  as  vasopressin  and  its  receptors,  have  been  shown  to  be  present  in  breast  cancer 
tissues  and  derived  cell  lines.  In  the  current  study,  the  expression  of  three  key  peptide  processing 
enzyme  families,  represented  by  PC1/PC3,  PC2,  CPE  and  PAM,  were  examined  in  MCF-7  and 
ZR-75-1  breast  cancer  cell  lines.  Products  of  the  expected  sizes  for  PC1/PC3,  CPE  and  PAM 
could  be  amplified  by  reverse  transcription-polymerase  chain  reaction  (RT-PCR)  from  both  cell 
lines.  Cloning  and  sequencing  of  these  RT-PCR  products  revealed  that  each  enzyme  mRNA  had  a 
structure  identical  to  that  published  for  the  human  form  of  the  respective  enzyme.  Western  analysis 
provided  evidence  that  mRNAs  for  these  enzymes  are  translated  into  proteins.  PC2  mRNA  was 
identified  to  be  present  in  MCF-7  cells  both  by  RT-PCR  and  Western  blot  analysis,  but  could  not 
be  demonstrated  for  ZR-75-1  cells.  Our  findings  suggest  that  the  key  processing  enzymes  needed 
to  generate  active  peptide  growth  factors  and  their  receptors  are  present  in  breast  cancer  cells. 

Key  Words:  breast  cancer,  carboxypeptidase  E,  neuropeptide,  peptidylglycine  a-amidating 
monooxygenase  processing,  prohormone  convertase,  vasopressin 
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Introduction 

Prohormone  convertases  (PCs)  constitute  a  family  of  mammalian  serine  proteases  that  digest  their 
substrates  on  the  C-terminal  side  of  the  motif  containing  paired  basic  amino  acids  Lys-Arg  or  Arg- 
Arg  (1).  They  are  generally  responsible  for  the  first  step  in  the  conversion  of  precursors  of 
polypeptide  hormones,  neuropeptides,  growth  factors  and  their  receptors  into  biologically  active 
forms  (2,  3, 4,  5, 6).  Besides  PCs,  two  other  key  proteolytic  enzymes,  carboxypeptidase  E  (CPE) 
and  peptidylglycine  a-amidating  monooxygenase  (PAM),  are  also  critically  involved  in  the 
biosynthesis  of  many  neuropeptides.  These  enzymes  are  necessary  for  C-terminal  cleavage  of 
basic  amino  acid  residues  and  the  posttranslational  generation  of  peptide  a-amidation,  respectively 
(7,  8,  9). 

It  is  believed  that  neoplastic  cells  express  genes  for  peptide  growth  factors  and  their 
receptors,  thus  creating  autocrine  loops  that  promote  proliferation  of  these  cells  (10).  By  the  virtue 
of  their  property  of  generating  biologically  active  growth  factors  and  receptor  molecules, 
processing  enzymes  may  be  strategically  involved  in  the  neoplastic  process,  particularly  in 
neuropeptides  expressing  tumors.  Evidence  of  the  participation  of  proprotein  convertases  in 
tumorigenesis  have  been  recently  demonstrated  for  a  number  of  human  tumors  including  those  of 
the  human  pituitary,  pancreas,  gut  and  lungs  (9, 11,  12,  13, 14, 15,  16). 

Production  of  possible  neuropeptide  autocrine  loops,  such  as  those  related  to  vasopressin 
and  oxytocin,  have  recently  been  identified  in  human  breast  cancer  cells  (17, 18, 19, 20).  The 
relevance  of  such  loops  to  breast  cancer  tumorigenesis  is  dependent  on  the  ability  of  these  tumors 
to  produce  processing  enzymes  from  all  three  key  families.  Cheng  and  coworkers  (21)  and  Scopsi 
and  their  coworkers  ( 1 6)  have  recently  performed  initial  studies  in  breast  tumors  and  cancer  cell 
lines,  but  they  limited  these  studies  only  to  some  prohormone  convertases.  In  the  present  study  we 
employed  RT-PCR  and  Western  blot  analysis  to  examine  the  expression  of  three  key  families  of 
processing  enzymes,  represented  by  PC1/PC3,  PC2,  CPE,  and  PAM,  involved  in- the  generation 
of  neuropeptides  by  two  breast  cancer  cell  lines  (MCF-7  and  ZR-75-1).  Partial  sequence  analysis 
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of  expressed  messages  was  also  performed,  and  additionally,  evidence  sought  to  support 
translation  of  mRNAs  into  functional  proteins. 

Materials  and  Methods 


Cell  Culture 

The  MCF-7  and  ZR-75-1  breast  cancer  cell  lines  were  purchased  from  the  American  Type  Culture 
Collection  (Manassas,  VA).  In  accordance  with  recommendations,  MCF-7  cells  were  maintained 
in  Dulbecco’s  Modified  Eagle’s  medium  (Sigma  Chemical  Co.,  St.  Louis,  MG). supplemented  with 
ImM  sodium  pyruvate,  10  pg/ml  bovine  insulin  and  10%  fetal  bovine  serum  (Hy Clone,  Logan, 
UT).  ZR-75-1  cells  were  maintained  in  RPMI-1640  medium  supplemented  with  1.5  g/L  sodium 
bicarbonate,  4.5  g/L  glucose,  10  mM  HEPES,  1.0  mM  sodium  pyruvate  and  10%  fetal  bovine 
serum.  Both  cell  lines  were  grown  as  monolayers  in  a  humidified  atmosphere  of  5%  CO2  at  37°C. 
RNA  Isolation  and  RT-PCR 

Total  RNAs  of  MCF-7  and  ZR-75-1  cells  were  isolated  by  Trizol  Reagent,  a  single-step  total  RNA 
extraction  solution  purchased  from  GIBCO/BRL  (Gaithersburg,  MD).  Total  RNA  (4  pi)  was 
added  into  a  40  |d  Superscript  preamplification  system  (GIBCO/BRL)  including  2  jjI  of  oligo  (dT) 
primer  and  400  U  of  reverse  transcriptase  for  the  synthesis  of  the  first  cDNA  strand.  PCR 
conducted  in  a  thermocycler  (ERICOMP,  San  Diego,  CA)  followed  the  completion  of  reverse 
transcription.  The  PCR  reactions,  containing  4  pi  of  RT  mixture,  0.4  pmol/pl  of  primers  and  2.5 
U  of  Platinum  Taq  DNA  polymerase  (GIBCO/BRL)  in  a  total  of  50  pi  reaction  solution,  were 
performed  in  the  thermocycler  as  follows:  one  cycle  at  97°C  for  2  min.,  30  cycles  at  95°C  for  30 
sec.,  58°C  for  1  min.  30  sec.  and  72°C  for  1  min.  30  sec.  At  the  completion  of  the  cycling 
reaction,  an  additional  extension  step  at  72°C  for  10  min.  was  performed.  The  primers  selected  for 
PCR  and  partial  sequencing  of  PC1/PC3,  PC2,  CPE  and  PAM  are  summarized  in  Figure  la,  2a, 
3a  and  4a.  These  primers  were  synthetic  20, 21  and  24  oligomers  designed  to  yield  PCR  products 
of  457,  880, 405  and  560  base  pairs  (bp)  for  PC1/PC3,  PC2,  CPE  and  PAM,  respectively.  PCR 
products  were  examined  on  2%  agarose  gels  and  stained  with  0.5  pg/ml  ethidium  bromide. 
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Cloning  and  Sequencing 

PCR  products  (1  pi,  4-12  ng)  related  to  PC1/PC3,  PC2,  CPE,  and  PAM,  were  each  ligated  into  a 
pCR  vector  and  2  pi  of  the  ligation  mixture  transformed  into  One  Shot  Competent  Cells  using  a  TA 
Cloning  Kit  (Invitrogen,  San  Diego,  CA).  Plasmid  cloned  DNA  was  prepared  with  a  Wizard 
Minipreps  DNA  purification  system  (Promega,  Madison,  WL),  and  screened  by  EcoR  I  digestion 
and  2%  agarose  gel  electrophoresis.  At  least  two  positive  clones  of  each  PCR  product  were 
chosen  for  double  strand  cDNA  sequencing  with  a  BigDye  Terminator  Cycle  Sequencing  Kit 
(Applied  Biosystems,  Perkin  Elmer).  The  primers  chosen  for  PCR  amplifications  as  described  in 
Figure  la,  2a,  3a  and  4a,  and  vector  universal  primers  (M13  Forward,  M13  Reverse  and  T7), 
together  served  as  sequencing  primers.  In  a  total  of  20  pi  sequence  reaction  mixture,  1  pg  of 
cloned  cDNA  and  3.2  pmoles  of  primer  were  added.  The  protocol  for  sequencing  cloned  cDNA 
was  performed  as  follows:  one  cycle  at  96°C,  2  min.,  25  cycles  at  96°C,  30  sec.,  50°C,  15  sec., 
and  60°C,  4  min.  The  sequencing  products  were  purified  with  Centri-Sep  columns  (Princeton, 
Adelphia,  NJ),  and  automated  DNA  sequencing  was  performed  using  a  Model  373  DNA 
Sequencer  from  Applied  Biosystems. 

Western  Analysis 

Samples  for  Western  analysis  were  prepared  by  sonicating  breast  cancer  cells  (0.4  -  1.2  x  107)  in 
1.0  ml  of  TES  Buffer  (20  mM  Tris  HC1,  1  mM  EDTA,  150  mM  NaCl,  0.2%  SDS,  pH  7.5). 
Homogenates  were  centrifuged  for  2  minutes  at  12,000  g  at  ambient  temperature.  Soluble  extracts 
were  mixed  1:1  with  2x  SDS/Tris-HCl  sample  buffer  (pH  8.7)  containing  50  mM  dithiothreitol 
(DTT),  and  proteins  reduced  by  heating  at  100°C  for  5  min.  These  proteins  were  then  subjected  to 
sodium  dodecyl  sulfate-polyacrylamide  gel  electrophoresis  (SDS-PAGE)  on  12%  gels  at  pH  8.3 
using  a  previously  described  method  (8).  Separated  proteins  were  electrophoretically  transferred  in 
20  mM  Tris  glycine/20%  MeOH  to  Immobilon-P  polyvinylidene  fluoride  (PyDF)  membranes 
(pore  size,  0.45  pm).  These  membrane  transfers  were  dried  and  incubated  for  16  h  at  4°C  with  a 
10-50  pg/ml  of  protein  A-purified  rabbit  polyclonal  antibody  preparations  raised  against  PC1/PC3, 
PC2,  CPE  and  PAM  in  pH  7.4  Tris  HC1  buffer  (10  mM  Tris  HC1,  100  mM  NaCl,  5%  BSA,  and 
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0.1%  Tween-20).  The  antibody  preparations  against  PC1/PC3,  PC2  and  PAM,  were  kindly 
supplied  by  Drs.  Betty  Eipper  and  Richard  Mains  of  Johns  Hopkins  University,  and  the  antibody 
preparations  against  CPE  were  kindly  supplied  by  Dr.  Lloyd  Flicker  of  Albert  Einstein  Medical 
School.  The  characteristics  of  these  antibodies  have  been  provided  elsewhere  by  these  individuals 
(7, 22).  Following  washing  (x3)  in  the  pH  7.4  buffer,  membrane  transfers  were  incubated  with  a 
goat  anti-rabbit  IgG-horseradish  peroxidase  conjugate  for  1  h.  Each  was  removed  by  washing 
(x3)  in  Tris  HC1  buffer,  pH  7.4.  Immunoreactive  proteins  in  peroxidase-treated  transfers  were 
visualized  using  an  ECL  Western  blotting  detection  system  (Amersham  Life  Sciences,  Arlington 
Heights,  IL)  with  exposure  of  x-ray  film  from  30  sec.  to  120  sec.  Pre-stained  SDS-PAGE 
standard  proteins  (Bio-Rad,  Richmond,  CA)  were  employed  as  molecular  size  markers. 

Results 

RT-PCR,  Cloning  and  DNA  Sequencing 

As  shown  in  Figure  lb,  3b  and  4b,  using  forward  and  reverse  primers  designed  for  these  enzymes 
from  published  PC1/PC3,  CPE  and  PAM  mRNA  structures  (8,  21,  22),  a  single  product  of  each 
PC1/PC3  (457  bp),  CPE  (405  bp)  and  PAM  (560  bp)  cDNA  was  amplified  by  RT-PCR  from  total 
RNA  preparations  of  both  MCF-7  and  ZR-75-1  breast  cancer  cell  lines.  RT-PCR  of  PC2  mRNA 
demonstrated  a  predicted  cDNA  product  (880bp)  from  MCF-7  cells  (Figure  2b),  but  not  from  ZR- 
75-1  cells  using  the  conditions  described  in  the  methods  section  and  previous  publications  (12,  15, 
21).  Cloning  and  sequencing  of  PC1/PC3,  CPE  and  PAM  related  products  obtained  from  both 
MCF-7  and  ZR-75-1,  and  of  the  PC2  product  from  MCF-7,  showed  each  of  them  has  a  sequence 
identical  to  those  reported  for  the  mRNA  structures  for  each  respective  enzyme  (8, 22, 23, 24). 
Western  Analysis 

As  we  described  previously  (15),  protein  A-isolated  IgG2b  preparations  of  polyclonal  antibodies 
against  PC1/PC3,  PC2,  CPE  and  PAM  enzymes  were  used  in  Western  blots  for  both  MCF-7  and 
ZR-75-1  breast  cancer  cells  with  the  ECL  procedure.  As  shown  in  Figure  lc  and  3c,  major  protein 
bands  at  approximately  63,  50,  38  and  30  Kdaltons  for  PC1/PC3,  and  one  prominent  protein 
product  at  an  appropriate  size  of  49  Kdaltons  for  CPE,  were  identified  in  both  cell  lines.  Western 
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analysis  for  PAM  immunoreactivity  presented  protein  profiles  showing  differences  between  MCF- 
7  and  ZR-75-1  cells  (Figure  4c).  The  prominent  form  of  PAM  in  MCF-7  cells  was  a  protein 
product  with  an  appropriate  size  of  38  Kdaltons,  compared  to  protein  forms  ranging  from  70  to  28 
Kdaltons  with  major  bands  of  38  and  28  Kdaltons  in  ZR-75-1  cells.  As  shown  in  Figure  2c,  PC2 
mRNA  translated  into  protein  products  ranging  from  73  to  36  Kdaltons  with  a  major  form  of  36 
Kdaltons  in  MCF-7  cells,  but  only  a  single  protein  band  of  PC2  immunoreactivity  with  an 
approximate  size  of  20  Kdaltons  was  demonstrated  in  ZR-75-1  cells.  Combined  with  the  RT-PCR 
result,  this  suggests  that  die  gene  expression  of  PC2  in  ZR-75-1  is  scarce-to-undetectable. 
Although  these  enzymes  presented  slightly  different  major  forms  in  breast  cancer  cells,  the  range  of 
protein  forms  of  PC1/PC3,  CPE,  PAM  in  both  cell  lines,  and  PC2  in  MCF-7  cells  are  in 
reasonable  agreement  with  the  molecular  sizes  for  each  of  the  enzymes,  including  their  precursors 
and  some  active  forms  reported  by  others  (1,  7,  8,  14,  15,  16,  22,  25,  26).  These  findings 
indicate  that  some  biologically  active  enzyme  forms  of  PC1/PC3,  CPE  and  PAM  might  be  present 
in  both  breast  cancer  cell  lines,  and  of  PC2  enzyme  in  MCF-7  cells. 

Discussion 

Recent  studies  have  shown  that  some  neuropeptides,  such  as  vasopressin,  are  not  only  expressed, 
but  also  processed  into  biologically  active  forms  in  breast  tumor  tissues  and  cell  lines.  In  the  case 
of  vasopressin,  strong  clinical  evidence  for  such  processing  by  these  tumors  is  provided  by  the 
occurrence  in  some  breast  cancer  patients  of  the  syndrome  of  inappropriate  secretion  of  antidiuretic 
hormone  (SIADH)  (27,  28).  Alternatively,  our  studies  indicate  that  some  vasopressin  does  not 
undergo  processing  by  breast  cancer  cells  even  though  they  express  all  known  vasopressin 
receptors  (18,  20).  Taylor  and  his  coworkers  have  shown  that  since  changing  vasopressin 
concentrations  can  significantly  influence  the  cell  growth  in  MCF-7  cells,  this  peptide  is  likely  to  be 
one  of  the  important  modulators  of  the  growth  in  some  human  breast  carcinomas  (20).  Since 
processing  enzymes  play  key  roles  in  processing  neuropeptides  to  biologically  active  forms,  it  is 
then  of  some  interest  to  discover  if  these  enzymes  are  not  only  expressed,  but  also  translated  into 
proteins  by  breast  cancer  cells. 
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PC1/PC3  and  PC2  are  responsible  for  the  initial  cleavage  of  proteins  secreted  by  the 
regulated  secretory  pathway  (1,  4,  29,  30,  31),  and  are  primarily  expressed  in  neuronal  and 
endocrine  cells  (31).  Their  expression  has  been  demonstrated  in  small-cell  lung  cancer  cells  by  us 
and  by  others  (14,  15,  16).  In  the  current  study,  not  only  was  PC1/PC3  mRNA  shown  to  be 
expressed  by  the  two  cell  lines  examined,  but  this  mRNA  from  both  MCF-7  and  ZR-75-1  cells 
was  also  found  to  have  a  sequence  identical  to  that  from  normal  cells  (23).  Additionally,  both  cell 
lines  were  able  to  translate  mRNA  into  four  major  protein  forms  with  appropriate  sizes  63,  50,  38 
and  30  Kdaltons.  At  least  one  of  these  forms  (63  KD)  is  of  a  size  compatible  with  that  shown  to 
represent  functional  processing  enzyme  (1,  16,  26).  Previous  studies  of  PC2  gene  expression  in 
breast  tumor  and  breast  cancer  cell  lines  by  Cheng  et  al  (21)  and  Scopsi  et  al  (16)  indicated  that 
PC2  mRNA  was  not  expressed.  In  agreement  with  these  findings  was  our  failure  to  demonstrate 
the  presence  of  this  mRNA  in  ZR-75-1  cells,  even  though  we  used  primers  and  PCR  conditions 
with  which  we  successfully  amplified  PC2  mRNA  from  small-cell  lung  cancer  cells  (15). 
However,  unlike  these  authors  we  were  able  to  amplify  an  880  bp  PC2  cDNA  fragment  from 
MCF-7  cells,  showing  that  this  mRNA  is  indeed  expressed  by  some  breast  cancer  cells.  Cloning 
and  sequencing  of  this  PC2  cDNA  fragment  demonstrated  it  to  have  100%  sequence  homology  to 
the  published  PC2  mRNA  sequence  (24).  PC2  immunoreactive  proteins  in  MCF-7  cells  ranged  in 
sizes  from  73  to  36  Kdaltons,  with  the  major  form  at  36  Kdaltons.  The  larger  forms  of  these 
protein  products  are  consistent  with  active  forms  of  PC2  demonstrated  by  others  (1,  14,  16,  26). 
Contrary  to  the  apparent  absence  of  the  enzyme  from  ZR-75-1  cells,  a  protein  band  of  appropriate 
size  of  20  Kdaltons  was  found  by  us  to  be  present  in  these  cells  by  Western  analysis.  Whether  this 
protein  represents  a  degradation  product  of  active  enzyme  translated  from  scarce-to-undetectable 
levels  of  mRNA,  or  a  product  of  antibody  cross-reaction  with  unrelated  protein(s),  is  currently  not 
clear.  Nevertheless,  our  data  suggests  that  while  PC2  could  be  involved  in  the  peptide  processing 
of  some  breast  cancer  cells,  prohormone  convertase  activity  is  more  likely  to  be  dependent  on 
PC1/PC3  or  other  members  of  this  family  of  enzymes. 
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The  role  of  carboxypeptidase  E  (CPE)  in  the  removal  of  carboxy-terminal  basic  residues 
exposed  by  the  endoproteases  is  generally  known  to  be  also  necessary  for  processing  of  a  large 
number  of  protein  precursors  (8).  Many  biologically  active  peptides  also  require  being  amidated 
through  a  processing  by  peptidylglycine  a-amidating  monooxygenase  (5).  These  two  peptide- 
processing  enzymes  are  essential  for  the  formation  of  many  neuropeptides,  including  several  with 
mitogenic  effects  on  tumor  cells.  Evidence  of  their  expression  has  been  obtained  for  human  lung 
and  pituitary  tumors  (15,  32,  33,  34).  The  single  products  generated  through  RT-PCR  in  the 
present  study,  and  representing  CPE  or  PAM  mRNAs  of  MCF-7  and  ZR-75-1  cells,  were  each  of 
a  size  predicted  from  the  known  structures  of  the  human  mRNAs  and  had  normal  sequences,  in  all 
four  cases  (8, 22).  With  respect  to  CPE,  the  major  protein  form  demonstrated  by  Western  analysis 
in  both  MCF-7  and  ZR-75-1  cells,  is  a  49  Kdaltons  product  which  is  consistent  with  those  active 
forms  reported  for  this  enzyme  by  other  sources  (8,  15,  25,  35).  PAM  mRNA  was  shown 
through  Western  analysis,  to  be  translated  into  one  major  protein  form  with  an  appropriate  size  of 
38  Kdaltons  in  MCF-7  cells  and  two  protein  forms  with  appropriate  sizes  of  38  and  28  Kdaltons  in 
ZR-75-1  cells.  Although  some  diversities  of  PAM  expression  exist  between  these  two  breast 
cancer  cell  lines,  the  major  product  of  38  Kdaltons  in  both  cell  lines,  and  a  minor  product  of  70 
Kdaltons  in  ZR-75-1  cells  are  of  sizes  comparable  with  active  forms  of  the  enzyme  in  other 
systems  (7,  15). 

While  no  activity  studies  were  performed,  the  current  study  along  with  other  studies 
suggest  that  breast  cancer  cells,  represented  here  by  MCF-7  and  ZR-75-1  cells,  are  fully  capable  of 
generating  structurally  normal  and  in  some  cases  presumably  functional  forms  of  the  key 
processing  enzymes  necessary  for  processing  neuropeptide  growth  factors,  such  as  vasopressin, 
into  biologically  active  forms.  Such  enzymes  could  therefore  conceivably  represent  new  and  novel 
targets  in  future  treatments  of  patients  with  breast  cancer. 
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LEGENDS 

Figure  1.  Evaluations  for  human  PC1/PC3  from  the  MCF-7  and  ZR-75-1  breast  cancer  cell  lines, 
la.  Synthetic  primers  selected  for  RT-PCR  and  sequencing,  and  predicted  PCR  product  yielded  by 
these  primers,  lb.  RT-PCR  products  from  a  total  RNA  preparation  separated  on  a  2%  agarose  gel 
and  visualized  with  ethidium  bromide.  Lane  1, 100  bp  DNA  ladder,  lane  2  and  3, 457  bp 
PC1/PC3  products  of  expected  size  obtained  from  MCF-7  and  ZR-75-1  cells,  respectively,  lc. 
Western  blot  analysis  from  SDS-PAGE  (12%)  with  an  ECL  detection  system  (Amersham) 
showing  proteins  with  approximate  sizes  of  63, 50, 38  and  30  Kdaltons  immunoreactive  with 
human  PC1/PC3  specific  antibody  from  MCF-7  and  ZR-75-1  cells,  respectively. 

Figure  2.  Evaluations  for  human  PC2  from  the  MCF-7  and  ZR-75-1  breast  cancer  cell  lines.  2a. 
Synthetic  primers  selected  for  RT-PCR  and  sequencing,  and  predicted  PCR  product  yielded  by 
these  primers.  2b.  RT-PCR  products  from  a  total  RNA  preparation  separated  on  a  2%  agarose  gel 
and  visualized  with  ethidium  bromide.  Lane  1, 100  bp  DNA  ladder;  lane  2, 880  bp  PC2  product 
of  expected  size  obtained  from  MCF-7  cells,  and  lane  3,  PC2  specific  PCR  product  was  not 
amplified  in  ZR-75  cells  with  the  conditions  we  and  others  have  applied.  2c.  Western  blot  analysis 
from  SDS-PAGE  (12%)  with  an  ECL  detection  system  (Amersham)  showing  proteins  with 
approximate  sizes  of  73, 55,  and  36  Kdaltons  immunoreactive  with  human  PC2  specific  antibody 
from  MCF-7,  and  a  20  Kdaltons  protein  product  from  ZR-75-1  cells,  respectively. 

Figure  3.  Evaluations  for  human  CPE  from  the  MCF-7  and  ZR-75-1  breast  cancer  cell  lines.  3a 
Synthetic  primers  selected  for  RT-PCR  and  sequencing,  and  predicted  PCR  product  yielded  by 
these  primers.  3b.  RT-PCR  products  from  a  total  RNA  preparation  separated  on  a  2%  agarose  gel 
and  visualized  with  ethidium  bromide.  Lane  1, 100  bp  DNA  ladder;  lane  2  and  3->  405  bp  CPE 
products  of  expected  size  obtained  from  MCF-7  and  ZR-75-1  cells,  respectively.  3c.  Western  blot 
analysis  from  SDS-PAGE  (12%)  with  an  ECL  detection  system  (Amersham)  showing  a  major 
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protein  product  with  an  approximate  size  of  49  Kdaltons  immunoreactive  with  human  CPE  specific 
antibody  from  MCF-7  and  ZR-75-1  cells,  respectively. 

Figure  4.  Evaluations  for  human  PAM  from  the  MCF-7  and  ZR-75-1  breast  cancer  cell  lines.  4a. 
Synthetic  primers  selected  for  RT-PCR  and  sequencing,  and  predicted  PCR  product  yielded  by 
these  primers.  4b.  RT-PCR  products  from  a  total  RNA  preparation  separated  on  a  2%  agarose  gel 
and  visualized  with  ethidium  bromide.  Lane  1, 100  bp  DNA  ladder,  lane  2  and  3, 560  bp  PAM 
products  of  expected  size  obtained  from  MCF-7  and  ZR-75-1  cells,  respectively.  4c.  Western  blot 
analysis  from  SDS-PAGE  (12%)  with  an  ECL  detection  system  (Amersham)  showing  a  dominant 
protein  form  with  an  approximate  size  of  38  Kdaltons  immunoreactive  with  human  PAM  specific 
antibody  from  MCF-7,  and  proteins  with  appropriate  sizes  of  70,  55, 50, 38  and  28  Kdaltons  from 
ZR-75-1  cells,  respectively. 
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Abstract 

Research  suggests  that  oxytocin  acts  as  a  growth  modulating  agent  for  breast 
cancer  cells.  However,  the  signaling  mechanisms  responsible  for  these  modulatory  effects 
have  not  been  fully  elucidated.  In  the  physiological  setting  oxytocin  is  known  to  stimulate 
contraction  of  myometrial  cells  in  the  uterus  and  myoepithelial  cells  in  the  breast  by 
increasing  intracellular  free  calcium  ([Ca2+]i).  The  expression  of  oxytocin  receptor 
mRNA  in  T-47D  breast  cancer  cells,  and  four  additional  breast  cancer  cell  lines  (BT-549, 
MCF-7,  MDA-MB-  231,  ZR-75-1),  was  confirmed  by  RT-PCR  analysis.  Oxytocin- 
induced  changes  in  [Ca2+]i  in  indo-1  AM  loaded  T-47D  breast  cancer  cells  were 
monitored  using  flow  cytometric  analysis.  In  this  cell  line,  oxytocin  (0,  1,  10,  100,  and 
1,000  nM)  did  not  induce  a  dose-dependent  increase  in  the  mean  405nm/485nm  emission 
ratio.  These  results  indicate  that  oxytocin  signaling  in  T-47D  breast  cancer  cells  does  not 
appear  to  involve  an  increase  in  [Ca2+]i. 

Introduction 

Oxytocin  is  a  nine  amino  acid  hormone  that  is  produced  as  a  pro-hormone  by 
magnocellular  neurons  in  the  para-ventricular  and  supraoptic  nuclei  of  the  hypothalamus. 
The  oxytocin  pro-hormone  is  packaged  into  neurosecretory  vesicles  where  it  is  acted 
upon  by  processing  enzymes,  resulting  in  the  production  of  active  hormone  and  oxytocin- 
associated  neurophysin.  An  appropriate  physiological  stimuli  results  in  the  release  of 
oxytocin  and  oxytocin-associated  neurophysin  from  the  axonal  terminals  of  these  neurons 
which  are  located  in  the  posterior  pituitary.  The  major  physiological  actions  of  oxytocin 
include  stimulating  the  contraction  of  myometrial  cells  in  the  uterus  and  myoepithelial 
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cells  in  the  breast.  These  actions  of  oxytocin  are  important  in  the  physiological  processes 
of  parturition  and  milk  letdown  (for  review  see  Gainer  and  Wray,  1994). 

The  physiological  effects  of  oxytocin  occur  as  a  result  of  hormone  binding  to  cell 
surface  oxytocin  receptors.  The  cloned  oxytocin  receptor  belongs  to  the  family  of  7- 
transmembrane  G-protein  coupled  receptors  (Kimura,  Tanizawa  et  al.,  1992).  Research 
indicates  that  the  myometrial  oxytocin  receptor  couples  through  heterotrimeric  G- 
proteins  containing  Gaq/Gal  1  or  Gah  to  stimulate  phospholipase  C  activity  (Ku,  Qian  et 
al.,  1995;  Baek,  Kwon  et  al.,  1996).  Activation  of  phospholipase  C  results  in  the 
subsequent  production  of  the  second  messengers  inositol  triphosphate  (IP3)  and 
diacylglycerol  (DAG),  which  play  important  roles  in  the  release  of  calcium  from 
intracellular  stores  and  the  activation  of  protein  kinase  C.  The  oxytocin  receptor  also 
appears  capable  of  coupling  to  heterotrimeric  G-proteins  containing  other  Got  subunits 
(e.g.  Gai  and  Gas),  suggesting  that  the  activated  oxytocin  receptor  may  initiate 
additional  intracellular  signaling  events  (Strakova  and  Soloff,  1997). 

Human  breast  cancer  cell  lines  and  biopsy  samples  express  oxytocin  receptor 
mRNA  and  protein  (Taylor,  Ang  et  aL,  1990;  Cassoni,  Sapino  et  aL,  1994;  Bussolati, 
Cassoni  et  aL,  1995;  Ito,  Kobayashi  et  aL,  1996;  Sapino,  Cassoni  et  aL,  1998).  In 
addition,  several  reports  indicate  that  oxytocin  can  modulate  the  growth  of  breast  cancer 
cells  (Taylor,  Ang  et  aL,  1990;  Cassoni,  Sapino  et  aL,  1994;  Cassoni,  Sapino  et  al.,  1996; 
Cassoni,  Sapino  et  al.,  1997;  Sapino,  Cassoni  et  al.,  1998).  However,  the  signaling 
mechanisms  involved  in  the  oxytocin-induced  growth  modulation  of  breast  cancer  cells 
have  not  been  fully  elucidated.  The  purpose  of  this  research  was  to  verify  the  expression 
of  oxytocin  receptors  in  T-47D  breast  cancer  cells  and  other  breast  cancer  cell  lines,  and 
to  determine  if  oxytocin  induces  a  rise  in  [Ca2+]i  in  the  T-47D  breast  cancer  cell  line. 

Materials  and  Methods 

Cell  Culture 

The  BT-549  (ATCC  HTB  122),  MCF-7  (ATCC  HTB  22),  MDA-MB-231  (ATCC 
HTB  26),  T-47D  (ATCC  HTB  133),  and  ZR-75-1  (ATCC  CRL  1500)  breast  cancer  cell 
lines  were  obtained  from  the  American  type  culture  collection  (ATCC,  Rockville,  MD). 
Cells  were  cultured  according  to  ATCC  recommended  guidelines.  The  BT-549,  MDA- 
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MB-231,  and  MCF-7  cells  were  maintained  in  Dulbecco’s  modified  Eagle’s  medium 
(Sigma  Chemical  Co.,  St.  Louis,  MO)  supplemented  with  10%  fetal  bovine  serum 
(Hyclone  Laboratories,  Logan,  UT),  while  the  T-47D  and  ZR-75-1  cell  lines  were 
maintained  in  RPMI-1640  medium  (Sigma  Chemical  Co.,  St.  Louis,  MO)  supplemented 
with  10%  fetal  bovine  serum  (Hyclone  Laboratories,  Logan,  UT).  Every  2-3  days,  the 
cells  either  received  fresh  growth  medium  or  were  sub-cultured  using  0.25%  trypsin  with 
0.03%  EDTA.  Prior  to  calcium  analysis,  the  cells  were  placed  in  serum-free  medium 
overnight  containing  0.1%  bovine  albumin  (fraction  V;  Sigma  Chemical  Co.,  St.  Louis, 
MO). 

Flow  Cytometric  Analysis  of  [Ca2+]i 

To  examine  oxytocin-induced  changes  in  [Ca2+]i  ratio-metric  analysis  was 
performed  using  indo-1  AM  loaded  cells  and  flow  cytometry  (Grynkiewicz,  Poenie  et  al, 
1985).  The  T-47D  cells  were  removed  from  the  culture  flasks  using  a  non-enzymatic  cell 
dissociation  solution  (Sigma  Chemical  Co.,  St.  Louis,  MO).  The  cells  were  pelleted, 
counted,  and  2  x  106  cell/ml  were  placed  in  serum-free  RPMI  1640  medium  containing  5 
pM  indo-1  AM  (Molecular  Probes  Inc.,  Eugene,  OR).  Cells  were  incubated  with  the 
indo-1  AM  for  45  min.  at  37°  C.  and  were  then  washed  twice  with  phosphate  buffered 
saline  (PBS)  and  re-suspended  at  1  x  105  cells/ml  in  PBS  (containing  -  1  mM  calcium 
chloride)  supplemented  with  1  mg/ml  glucose  and  1  mg/ml  BSA  (Sigma  Chemical  Co., 
St.  Louis,  MO).  The  re-suspended  cells  were  kept  on  ice  until  flow  cytometric  analysis 
was  performed.  Approximately  5-10  min.  prior  to  analysis  a  1.0  ml  aliquot  of  cells  (~ 
105  cells  total)  was  placed  at  37°  C.  Analysis  was  performed  using  a  Facstar  plus  flow 
cytometer  (Becton  Dickinson,  San  Jose,  CA).  Cells  were  excited  at  356  nm,  and  emission 
monitored  at  405  nm  (calcium  bound  indo),  and  at  485  nm  (unbound  indo),  and  each 
sample  was  analyzed  for  approximately  4  min.  Oxytocin  (Calbiochem,  San  Diego,  CA) 
was  administered  to  the  cell  sample  after  approximately  25  sec.  of  baseline  to  give  final 
concentrations  of  0  nM,  1  nM,  10  nM,  100  nM,  and  1,000  nM.  As  a  positive  control,  a 
final  concentration  of  10  jiM  4-bromo  A23187  (Molecular  Probes,  Inc.,  Eugene,  OR)  was 
administered  to  the  cells  for  5  min.  at  37°  C  prior  to  analysis.  Data  was  analyzed  using 
Lysis  II  software  (Becton  Dickinson,  San  Jose,  CA),  and  plotted  as  the  mean  ratio 
(405nm/485nm)  vs.  time  (sec.). 
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RNA  Isolation 

Poly  (A)+  RNA  isolation  was  performed  using  the  technique  of  oligo(dT) 
cellulose  chromatography  (Badley,  Bishop  et  ah,  1988).  Briefly,  cells  (108/10  ml  of  lysis 
buffer)  were  disrupted  using  lysis  buffer  (0.2  M  NaCl,  0.2  M  Tris  HC1  pH  7.5,  1.5  mM 
MgCl2,  2%  SDS,  and  200  pg/ml  proteinase  K),  and  DNA  was  sheared  by  passing  the 
lysate  several  times  through  18  and  23  gauge  needles.  Lysates  were  then  incubated  at  45° 
C  for  2  hours.  Oligo(dT)  cellulose  (Boehringer  Mannheim,  Indianapolis,  IN)  was 
prepared  by  hydrating  0.2  g  of  the  resin  in  elution  buffer  (0.0 1M  tris-HCl  pH  7.5), 
pelleting  (500  rpm),  and  washing  twice  in  binding  buffer  (0.5  M  NaCl,  0.01  M  Tris-HCl 
pH  7.5).  The  NaCl  concentration  was  adjusted  to  0.2  M,  and  lysates  were  then  added  to 
the  oligo(dT)  cellulose.  After  a  20  min.  incubation  at  room  temp,  the  oligo(dT)  cellulose 
was  pelleted,  and  washed  several  times  with  fresh  binding  buffer.  Samples  were  then 
loaded  onto  poly-prep  columns  (BIO-RAD  Labs.,  Hercules,  CA),  and  RNA  was  eluted 
using  two  0.5  ml  volumes  of  elution  buffer  (0.01  M  Tris-HCl  pH  7.5).  Precipitated  RNA 
was  quantified  by  determining  the  absorbance  at  260  nm. 

RT-PCR  and  Restriction  Enzyme  Analysis 

Reverse  transcription-polymerase  chain  reaction  (RT-PCR),  using  the  Perkin 
Elmer  GeneAmp®  RNA  PCR  kit  (Roche  Molecular  Systems,  Inc.,  Branchburg,  NJ),  was 
used  to  determine  expression  of  oxytocin  receptor  mRNA  in  BT-549,  MCF-7,  MDA- 
MB-231,  T-47D,  and  ZR-75-1  breast  cancer  cell  lines.  First  strand  cDNA  synthesis  was 
performed  using  4  pg  of  poly  (A)+  RNA  in  a  mixture  (20  pi  total  volume)  containing  5 
mM  MgCl2,  lx  PCR  buffer  II,  1  mM  of  each  dNTP  (dGTP,  dATP,  dTTP,  dCTP),  1  U/pl 
RNase  inhibitor,  2.5  U/pl  MuLV  reverse  transcriptase,  and  2.5  pM  Oligo  d(T).  The 
conditions  used  for  the  reverse  transcription  were  10  min.  at  room  temp  followed  by  15 
min.  at  42°  C,  and  5  min.  at  99°  C.  The  PCR  mixture  (50  pi  total  volume)  consisted  of 
10  pi  of  the  reverse  transcription  reaction,  200  nM  of  each  oxytocin  receptor  primer  (see 
below),  2  mM  MgCl2,  lx  PCR  buffer  II,  and  1.25  U  of  Amplitaq®  DNA  polymerase. 
Oxytocin  receptor  PCR  reactions  were  performed  using  the  following  conditions:  97°  C 
for  2  min.  and  30  cycles  that  included  30  sec.  at  95°  C,  1  min.  30  sec.  at  58°  C,  1  min.  30 
sec.  at  72°  C,  and  a  final  extension  step  at  72°  C  for  10  min.  The  PCR  products  were 
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electrophoresed  for  1  hour  at  100  volts  using  a  2.0  %  agarose  gel  and  TAE  buffer.  A  100 
bp  DNA  ladder  (Gibco  BRL,  Gaithersburg,  MD)  was  used  to  determine  the  size  of  the 
amplified  products  and  the  gel  was  stained  with  ethidium  bromide  to  visualize  the  DNA 
using  a  UV  trans-illuminator.  The  oxytocin  receptor  primers  are  based  on  the  sequence 
of  the  cloned  human  oxytocin  receptor  (Kimura,  Tanizawa  et  al,  1992),  and  amplify  a 
391  base  pair  product.  The  sequence  of  these  primers  is  as  follows:  forward  primer  (base 
pairs  1215  -  1234) 

5’-CCTTCATCGTGTGCTGGACG-3\  reverse  primer  (base  pairs  1586  -  1605) 
5’-CTAGGAGCAGAGCACTTATG-3\  To  verify  the  identity  of  the  generated  PCR 
product  a  restriction  digest  was  performed  on  approximately  0.25  pg  of  purified  DNA 
with  15  U  of  Pvu  II  (Stratagene,  La  Jolla,  CA)  for  1.5  hours  at  37°  C. 

Results 

Flow  Cytometric  Analysis  of  [Ca2+]i 

As  shown  in  Figure  1,  oxytocin  at  all  of  the  doses  tested  (0  nM,  1  nM,  10  nM,  100 
nM,  and  1,000  nM)  did  not  appear  to  cause  a  dose-dependent  rise  in  [Ca2+]i  in  the  T-47D 
breast  cancer  cell  line.  In  both  controls  and  oxytocin-treated  cells  there  did  appear  to  be 
transient  changes  in  the  405  nm/485  nm  emission  ratio,  however  these  transients  were  not 
characteristic  of  the  rapid  initial  rise  in  [Ca2+]i  followed  by  a  sustained  plateau  phase  that 
has  been  observed  after  oxytocin  receptor  activation  (Anwer  and  Sanborn,  1989;  Tasaka, 
Masumoto  et  al,  1991;  Seitz,  Cooper  et  al,  1993;  Amaudeau,  Lepretre  et  al,  1994). 
Proper  loading  of  the  cells  with  indo-1  AM  was  confirmed  by  treating  cells  with  the 
calcium  ionophore  4-bromo  A23187,  which  resulted  in  an  increase  in  the  405  nm/485  nm 
emission  ratio  for  the  T-47D  breast  cancer  cells  (see  graph  F  of  Figure  1).  Identical 
results  were  obtained  for  duplicate  independent  experiments  with  the  T-47D  cell  line  and 
the  same  dosages  of  oxytocin.  Preliminary  results  obtained  with  the  ZR-75-1  breast 
cancer  cell  line  also  showed  that  oxytocin  at  doses  ranging  from  0  -  1,000  nM  did  not 
cause  a  rise  in  [Ca2+]i  (data  not  shown). 
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Figure  1.  Influence  of  oxytocin  on  intracellular  free  calcium  levels  in  T-47D  breast 
cancer  cells.  The  T-47D  breast  cancer  cells  were  loaded  with  indo-lAM  and  oxytocin- 
induced  changes  in  intracellular  free  calcium  were  measured  using  flow  cytometric 
analysis  to  determine  the  405  nm/485  nm  emission  ratio  over  a  4  min.  period.  After 
approximately  25  sec.  of  baseline,  samples  were  injected  with  either  PBS  or  oxytocin  to 
give  hormone  concentrations  of  0  nM  (Figure  1  A),  1  nM  (Figure  IB),  10  nM  (Figure  1C), 
100  nM  (Figure  ID),  and  1,000  nM  (Figure  IE).  As  a  positive  control  the  calcium 
ionophore  4-bromo  A23187  was  added  to  the  samples  at  a  final  concentration  of  10  pM 
(Figure  IF). 
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Figure  2.  (A)  RT-PCR  analysis  of  oxytocin  receptor  mRNA  expression  in  breast  cancer 
cell  lines.  Lane  1:  BT-549  cell  line;  Lane  2:  MCF-7  cell  line;  Lane  3:  MDA-MB-231  cell 
line;  Lane  4:  T-47D  cell  line;  Lane  5:  ZR-75-1  cell  line;  Lane  6:  100  bp  DNA  ladder. 
The  391  bp  oxytocin  receptor  PCR  product  was  amplified  from  all  of  the  cell  lines.  (B) 
The  391  bp  PCR  product  was  subjected  to  restriction  enzyme  digestion  with  Pvu  II. 
When  no  enzyme  was  present  the  391  bp  PCR  product  remains  intact  (Lane  1).  With  the 
addition  of  Pvu  II  the  generation  of  1 18  bp  and  273  bp  DNA  products  was  evident  (Lane 
2). 


RT-PCR  and  Restriction  Enzyme  Analysis 

As  illustrated  in  Figure  2 A,  a  PCR  product  of  the  predicted  size  of  391  base  pairs 
(bp)  was  amplified  from  all  of  the  breast  cancer  cell  lines  examined.  The  oxytocin 
receptor  primers  chosen  for  PCR  span  a  12-kb  intron  of  the  human  oxytocin  receptor 
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gene  (Inoue,  Kimura  et  al ,  1994),  thus  PCR  amplification  from  genomic  DNA 
contamination  of  the  RNA  samples  can  be  ruled  out.  The  RT-PCR  results  are 
representative  of  duplicate  or  triplicate  independent  experiments.  In  samples  in  which 
water  was  used  instead  of  RNA  in  the  initial  reverse  transcription  reaction  the  391  bp 
product  was  not  amplified  during  PCR  (data  not  shown).  To  further  confirm  the  identity 
of  the  oxytocin  receptor  PCR  product  restriction  enzyme  digestion  of  the  purified  PCR 
product  was  performed.  Using  the  restriction  enzyme  Pvu  II  the  391  base  pair  oxytocin 
receptor  PCR  product  was  cleaved  to  products  of  the  predicted  sizes  of  1 18  and  273  base 
pairs  (see  Figure  2B). 


Discussion 

It  is  well  established  that  breast  cancer  cells  express  oxytocin  receptor  mRNA  and 
protein.  Using  the  techniques  of  RT-PCR  and  Northern  blot  analysis,  a  number  of 
researchers  (Cassoni,  Sapino  et  al,  1994;  Bussolati,  Cassoni  et  al,  1996;  Ito,  Kobayashi 
et  al,  1996;  Sapino,  Cassoni  et  al,  1998)  have  demonstrated  the  expression  of  oxytocin 
receptor  mRNA  in  cultured  human  breast  cancer  cell  lines  and  breast  cancer  biopsy 
specimens  In  agreement  with  these  previous  findings,  we  have  demonstrated  the 
expression  of  oxytocin  receptor  mRNA  using  the  technique  of  RT-PCR  in  five  human 
breast  cancer  cell  lines.  Radio-ligand  binding  has  been  used  to  demonstrate  the  presence 
of  high  affinity  binding  sites  for  oxytocin  on  MCF-7  breast  cancer  cells  (Taylor,  Ang  et 
al,  1990).  The  expression  of  oxytocin  receptor  protein  by  breast  cancer  cells  has  also 
been  confirmed  using  Western  blot  analysis  and  immuno-chemical  techniques  to  stain 
cultured  breast  cancer  cells  and  archival  biopsy  specimens  (Bussolati,  Cassoni  et  al, 
1996;  Ito,  Kobayashi  et  al,  1996;  Sapino,  Cassoni  et  al,  1998).  Using  the  technique  of 
immunohistochemistry  we  have  demonstrated  that  archival  breast  cancer  specimens 
exhibit  positive  staining  for  oxytocin,  but  not  for  the  neurophysin  portion  of  the  oxytocin 
prohormone  (North,  Pai  et  al,  1995).  These  results  suggest  receptor-mediated  uptake  of 
hormone  by  the  oxytocin  receptor  as  opposed  to  ectopic  production  of  oxytocin  by  the 
breast  cancer  cells. 

Even  though  breast  cancer  cell  lines  express  oxytocin  receptors,  the  exact  role  of 
activated  oxytocin  receptors  in  relation  to  the  differentiation  and  pathophysiology  of 
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breast  cancer  has  not  been  clearly  established.  Murrell  (1995)  hypothesized  that  oxytocin 
may  prevent  breast  cancer  by  stimulating  the  contraction  of  myoepithelial  cells  and 
thereby  assisting  the  elimination  of  carcinogens  from  the  breast.  A  number  of  research 
studies  have  been  published  which  demonstrate  a  growth  promoting  effect  of  oxytocin  on 
breast  cancer  cells,  a  growth  inhibiting  effect  of  oxytocin  on  breast  cancer  cells,  and  no 
measurable  effect  of  oxytocin  on  breast  cancer  cell  growth.  In  one  study  using  MCF-7 
breast  cancer  cells,  Taylor,  Ang  et  al  (1990)  demonstrated  that  oxytocin  (10  pM  -1  nM) 
stimulated  the  growth  of  these  cells  when  treated  over  a  7  day  period.  Contrary  to  these 
results,  several  studies  have  shown  that  oxytocin  and  the  oxytocin  analogue  F314  inhibit 
the  growth  of  breast  cancer  cells  in  vitro  and  in  vivo  (Cassoni,  Sapino  et  al,  1994; 
Cassoni,  Sapino  et  al,  1997;  Sapino,  Casoni  et  al,  1998).  The  maximum  growth 
inhibitory  effect  of  oxytocin  (34%)  observed  by  these  authors  was  seen  with  the 
treatment  of  MDA-MB-231  breast  cancer  cells  with  100  nM  oxytocin  for  6  days 
(Cassoni,  Sapino  et  al,  1994).  Of  interest  is  the  finding  that  even  in  breast  cancer  cell 
lines  that  were  not  significantly  growth  inhibited  by  oxytocin  alone,  this  peptide  hormone 
was  still  able  to  enhance  tamoxifen-induced  growth  inhibition  and  attenuate  estradiol- 
induced  growth  promotion  (Cassoni,  Sapino  et  al,  1994).  Research  performed  by  Ito, 
Kobayashi  et  al  (1996)  demonstrated  no  effect  of  oxytocin  (InM  -  100  nM)  on  the 
growth  of  MCF-7,  MDA-MB-231,  MDA-MB-361,  and  MDA-MB-468  breast  cancer  cell 
lines  that  were  treated  with  hormone  over  a  seven  day  period.  These  apparent 
discrepancies  concerning  the  influence  of  oxytocin  on  breast  cancer  cell  growth  may 
reflect  differences  in  culture  conditions,  different  concentrations  of  peptide,  intrinsic 
differences  in  the  cell  lines,  and  phenotypic  changes  that  may  occur  in  cultured  cells  over 
time. 

Activated  oxytocin  receptors  play  a  role  in  stimulating  the  contraction  of  myometrial 
cells  in  uterus  and  myoepithelial  cells  in  the  breast,  which  is  important  for  the  processes 
of  parturition  and  milk-letdown,  respectively.  These  physiological  actions  of  oxytocin 
involve  G-protein  coupling  to  phospholipase  C  resulting  in  the  generation  of  IP3  and  a 
subsequent  rise  in  [Ca2+]i.  In  both  uterine  myometrial  and  breast  myoepithelial  cells,  this 
rise  in  intracellular-free  calcium  involves  a  release  of  calcium  from  intracellular  stores 
and  an  influx  of  extracellular  calcium  (Anwer  and  Sanborn,  1989;  Tasaka,  Masumoto  et 
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al,  1991;  Seitz,  Cooper  et  al,  1993;  Amaudeau,  Lepretre  et  al,  1994).  The  initial  rapid 
rise  in  [Ca2+]i  after  oxytocin  administration  is  mainly  attributed  to  a  release  of  calcium 
from  intracellular  stores  and  the  subsequent  sustained  rise  (plateau  phase)  in  [Ca2+]i  is 
attributed  to  an  influx  of  calcium  from  outside  the  cell.  In  two  cultured  breast  cancer  cell 
lines 

(T-47D  and  ZR-75-1)  we  observed  no  oxytocin-induced  rise  in  [Ca2+]i,  as  evidenced 
by  a  lack  of  initial  spike  or  latter  sustained  plateau,  using  indo-1  AM  loaded  cells  and 
flow  cytometric  analysis.  In  agreement  with  the  present  findings,  Cassoni,  Sapino  et  al, 
(1997)  demonstrated  by  microscopy  that  fura-2  loaded  MDA-MB-231  breast  cancer  cells 
did  not  demonstrate  a  rise  in  [Ca2+]i  after  treatment  with  oxytocin  (1  nM  -  100  nM).  The 
present  findings  and  those  of  Cassoni,  Sapino  et  al. ,  (1997)  suggest  that  oxytocin¬ 
signaling  in  breast  cancer  cells  appears  to  be  different  when  compared  to  activated 
oxytocin  receptors  in  the  physiological  setting  and  does  not  appear  to  involve  a  rise  in 
[Ca2+]i.  This  raises  the  question  what  is  the  signaling  pathway  for  oxytocin  in  breast 
cancer  cells?  Cassoni,  Sapino  et  al.,  (1997)  have  demonstrated  an  association  between 
the  growth  inhibitory  effect  of  oxytocin  on  MD A-MB-23 1  cells  and  an  increase  in  the 
second  messenger  cAMP.  Such  an  association  is  in  accordance  with  the  growth  inhibiting 
effects  that  cAMP  has  on  breast  cancer  cells  (Cho-Chung  and  Gullino  et  al.,  1974; 
Tagliaferri,  Katsaros  et  al,  1988;  Starzec,  Spanakis  et  al,  1994;  Vintermyr,  Boe  et  al, 
1995).  It  is  of  interest  to  note  that  in  addition  to  raising  [Ca2+]i,  an  oxytocin-induced 
increase  in  cAMP  has  also  been  observed  in  breast  myoepithelial  cells  (Olins  and  Bremel, 
1984;  Seitz,  Cooper  et  al,  1993),  although  the  accumulation  of  cAMP  did  not  appear  to 
be  associated  with  myosin  phosphorylation  (Olins  and  Bremel,  1984).  How  oxytocin  is 
increasing  cAMP  levels  in  breast  cancer  cells  remains  unanswered.  One  possibility 
involves  the  activation  of  adenylate  cyclase  by  coupling  of  the  oxytocin  receptor  to  a 
heterotrimeric  G-protein  containing  Gas,  since  all  adenylate  cyclases  appear  to  be 
activated  by  this  G-protein  sub-unit  (Bimbaumer  and  Bimbaumer,  1995).  The  coupling 
of  the  oxytocin  receptor  to  heterotrimeric  G-proteins  containing  Gas  in  breast  cancer 
cells  seems  possible  in  light  of  recent  findings  demonstrating  that  oxytocin  receptors 
from  rat  myometrium  can  couple  to  Gas  (Strakova  and  Soloff,  1997).  Another  possible 
scenario  is  that,  as  in  endometrial  and  amnion  cells,  oxytocin  may  increase  production  of 
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prostaglandins  in  breast  cancer  cells  (Asselin,  Drolet  et  al,  1997;  Burns.  Tsai  et  al,  1997; 
Strakova.  Copland  et  al,  1998).  An  oxytocin-induced  production  of  prostaglandins  in 
breast  cancer  cells  could  result  in  an  indirect  increase  in  cAMP  by  binding  of 
prostaglandins  to  specific  prostaglandin  receptors  on  the  cancer  cells  in  an  autocrine  or 
paracrine  fashion.  Research  findings  indicate  that  both  prostaglandins  and  oxytocin  can 
inhibit  breast  cancer  growth  by  mechanisms  associated  with  cAMP  accumulation 
(Planchon,  Veber  et  al,  1995;  Cassoni,  Sapino  et  al.,  1997),  indicating  a  possible 
interaction  between  these  two  substances  in  breast  cancer  growth  inhibition.  Another 
possibility  includes  the  interaction  of  oxytocin  with  other  hormone  receptors,  such  as  the 
vasopressin  V2  receptor,  that  couple  through  adenylate  cyclase  to  increase  cAMP  levels. 

In  conclusion,  the  influence  of  the  hormone  oxytocin  on  signaling  events  in  breast 
cancer  cells  does  not  appear  to  involve  changes  in  [Ca2+]i.  It  is  of  interest  to  note  that 
normal  breast  epithelial  cells,  the  cells  believed  to  give  rise  to  most  breast  cancers,  have 
recently  been  shown  to  express  oxytocin  receptors  (Kimura,  Ito  et  al.,  1998).  The  role  of 
oxytocin  receptor  expression  and  activation  with  regards  to  the  growth  and  differentiation 
of  normal  breast  epithelial  cells  and  breast  cancer  cells  warrant  further  investigation. 
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Summary 

HVACM,  also  known  as  Cul-5,  is  a  member  of  the  cullin  protein  family.  Cullins  are 
involved  in  the  ubiquitin-mediated  degradation  of  cell  cycle  proteins,  but  the  precise 
function(s)  of  Cul-5,  a  protein  that  interacts  with  the  hormone  vasopressin,  is 
unknown.  We  developed  polyclonal  antibodies  against  this  protein,  and  looked  for 
Cul-5  expression  in  AMeX-processed  normal  human  tissues.  Cul-5  is  expressed 
intracellularly  in  kidney  distal  convoluted  tubule,  skeletal  muscle  capillary 
endothelial  cells, ^Kupffer  cells  of  the  liver,,  and-hy-eehsdnhaiuiing-^e^eHninab^ - 
^/zj^ntefS-efTymph  nodes.  Cul-5  is  not  expressed  by  normal  human  lung  which  is 
interesting  given  that  Cul-5  was  cloned  from  a  human  lung  cancer  cell  line.  It  is 
concluded  that  Cul-5  is  an  intracellular  protein  that  is  expressed  by  several  human 
cell  types,  and  may  play  roles  in  skeletal  muscle  vascular  physiology,  kidney 

physiology,  and  immune  cell  function. 

/ 

7 


Introduction 


The  human  vasopressin-activated  calcium-mobilizing  receptor  (HVACM) 
was  cloned  from  a  human  small  cell  lung  carcinoma  (SCLC)  cell  line  (Longo,  Fay  et 
al.  1998),  and  has  recently  been  renamed  Cul-5.  The  Cul-5  cDNA  (GenBank 
accession  number  AF017061)  encodes  a  putative  protein  of  780  amino  acids,  with  a 
predicted  molecular  weight  of  91  kD.  Cul-5  can  interact  specifically  with  vasopressin 
(A VP),  which  promotes  intracellular  calcium  mobilization.  However,  Cul  5  is 
structurally  distinct  from  the  AVP  Vla  receptor  subtype:  Cul-5  contains  no  predicted 
transmembrane  domain  (Longo,  Fay  et  al.  1998).  The  Via  receptor  contains  seven 
transmembrane  domains,  is  G-protein-linked,  and  is  also  capable  of  promoting 
intracellular  calcium  mobilization  in  response  to  AVP  stimulation  through  a 
mechanism  that  involves  inositol  triphosphate  (Howl,  Ismail  et  al.  1991; 

Nathanson,  Moyer  et  al.  1992;  Thibonnier,  Auzan  et  al.  1994). 

Cul-5  is  homologous  to  the  cullins,  a  relatively  new  family  of  proteins,  which 
are  involved  in  the  ubiquitin-mediated  degradation  of  cell  cycle  proteins  (Kipreos, 
Lander  et  al.  1996;  Byrd,  Stankovic  et  al.  1997;  I^ngo,  Fay  et  al.  1998).  The  function  of 
Cul-5  is  unknown,  although  its  considerable  C-^Mhomdogy  to  the  cullins 
suggests  that  it  too  may  be  involved  in 

-degradation  (Longo,  Fay  et  al.  1998).  The  nuclear  cullin  protein  Cdc53,  which  has 
orthologues  expressed  in  yeast  and  humans,  interacts  specifically  with  the  ubiqu't' 
ligase  Cdc34  and  the  F-box  protein  Cdc4  (Feldman,  Correll  et  al.  1997).  Together, 
these  proteins  direct  the  ubiquitinization  of  the  Gl/S  phase  transition  regulatory 
protein  Sicl  (Mathias,  Johnson  et  al.  1996;  Verma,  Feldman  et  al.  1997).  Cdc53  has 
no  catalytic  activity,  and  is  believed  to  act  as  a  scaffolding  protein  for  the  assembly  of 
the  ubiquitin  ligase  complex  (Patton,  Willems  et  al.  1998).  In  this  capacity,  Cdc53 
(and  other  cullins)  may  partially  determine  the  substrate  specificity,  and  hence  the 


functional  specificity,  of  ubiquitin  ligase  complexes  (Kipreos,  Lander  et  al.  1996; 

Willems,  Lanker  et  al.  1996).  The  growing  number  of  cullin  family  proteins  m 
humans  suggests  that  different  cullins  may  be  involved  in  different 
ubiquitinization  events  (Kipreos,  Lander  et  al.  1996).  Therefore,  an  analysis  of  the 
tissue-specific  expression  of  Cul-5  might  provide  clues  as  to  the  function  of  this 

protein  in  humans. 

Cul-5-spedfic  polyclonal  antibodies  were  prepared  by  immunizing  rabbits 
with  a  synthetic  peptide  representing  the  N-terminal  15  amino  adds  of  Cul-5, 
conjugated  to  keyhole  lympet  hemocyanin.  Analysis  of  Cul-5  expression  in  various 
AMeX-processed  normal  human  tissues  was  evaluated  by  immunohistochemistry. 

The  normal  human  tissues  lung,  kidney,  liver,  lymph  node,  and  skeletal  musde 
were  fixed  immediately  after  biopsy  by  the  AMeX  method,  which  is  thought  to 

preserve  the  antigenicity  of  cellular  proteins  (Kieman  1990). 

Positive  staining  for  Cul-5  was  noted  in  capillary  endothelial  cells  of  skeletal 
musde,  cells  comprising  the  distal  convoluted  tubules  of  the  kidney,  Kupffer  cells 
inhabiting  the  liver  sinusoids,  and  cells  inhabiting  the  germinal  centers  of  lymph 
nodes  (which  are  presumably  lymphocytes  undergoing  antigenic  challenge  and  J 

differentiation  in  mature  lymphocytes),  ^ 

Of  interest  was  the  apparent  absence  of  staining  of  human  lung  epithelium, 
or  lung  capillary  endothelium,  but  a  positive  staining  of  immune  cell  types  such  as 
polymorphonudear  (PMN)  cells,  occupying  the  alveolar  spaces.  Positive  staining  of 
PMNs  in  the  lung  was  also  noted  with  pre-immune  antibodies,  and  when  anti-Cul- 
5  antibodies  were  pre-incubated  with  the  Cul-5  peptide  immunogen.  The  staining 
of  PMN  cellsjwas  further  investigated  using  flow  cytometric  analysis  of  isolated 
^fS^h^dMood  lymphocytes,  monocytes,  and  PMNs.  These  experiments 

confirmed  that  PMN  staining  occurred  with  equal  intensity  using  either  the  anti- 


Cul-5  antibodies,  or  pre-immune 


antibodies. 


These  results  indicate  that  Cul-5  may  be  playing  roles  in  the  vascular 
physiology  of  skeletal  muscle,  as  well  as  in  the  physiology  of  the  distal  convoluted 
tubules  of  the  kidney.  Furthermore,  Cul-5  appears  to  be  expressed  in-maturing^ 
C2ynThorytes  of  the  lvmph  nodes,  as- well -as  in  Kupffer  cells,  which  are  macrophages 
endogenous  to  the  liver,  suggesting  that  Cul-5  may  influence  myelopoeisis  or 
immune  cell  function.  Cul-5,  which  was  cloned  from  human  SCLC,  was  not 
observed  in  lung  tissue,  suggesting  that  SCLC  does  not  arise  from  lung  tissue  proper, 
but  rather  from  cells  of  myeloid  origin  (Ruff  and  Pert  1984). 

Materials  and  methods 

Development  of  polyclonal  antibodies  directed  against  an  Cul-5  epitope 
Cul-5-specific  polyclonal  antibodies  were  prepared  by  and  purchased  from  Bio- 
Synthesis,  Inc.  (Lewisville,  TX).  Two  New  Zealand  White  rabbits  were  immunized 
with  a  synthetic  peptide  of  the  following  amino  acid  sequence: 
MATSNLLKNKGSLQFC.  (This  sequence  comprises  the  amino  terminal  15  amino 
acids  of  the  putative  Cul-5  protein.)  The  peptide  was  conjugated  to  the  carrier 
protein  keyhole Jlmpet_hemocyanin  via  a  sixteenth  C-terminal  cysteine  residue  on 
the  peptide.  Rabbit  serum  antibody  titers  were  assessed  using  an  ELISA-based  assay. 
When  titers  were  satisfactory,  the  rabbits  were  sacrificed  and  their  blood  collected  by 
cardiac  puncture,  and  antibody-rich  supernatant,  or  serum,  was  collected  and  stored 
at  -20'  C.  For  this  study,  antibodies  in  serum  were  purified  using  a  protein  A- 
Sepharose  column  (Ausubel,  Brent  et  al.  1988).  Specificity  of  the  antibodies  for  Cul-5 
was  confirmed  using  Western  blot  analysis  of  cellular  protein  lysates  from  COS-7 
cells  over-expressing  the  cloned  Cul-5. 


Tissue  Preparation 


All  normal  tissues  used  in  these  studies  were  obtained  from  the  Pathology- 
Department  at  the  Dartmouth  Hitchcock  Medical  Center,  Lebanon,  NH,  and 
represented  the  following  tissues:  lung,  liver,  kidney,  lymph  node,  and  skeletal 
muscle.  All  tissues  were  fixed  by  the  AMeX  (Acetone,  Methyl  benzoate.  Xylene) 
method  (Sato,  Mukai  et  al.  1986).  Following  fixation,  the  tissues  were  embedded  in 
paraffin  wax,  sliced  into  4  |im  sections,  and  mounted  on  silane-coated  glass  slides. 
Tissues  on  slides  were  de-paraffinized  by  initially  baking  the  slides  in  60*  C  oven  for 
20  min,  followed  by  four  submersions  in  100%  Xylene,  for  5  min  each.  The  slides 
were  then  dipped  in  acetone  20  times,  and  washed  with  ddH20  for  2  min. 


Immunohistochemistry  / 

Endogenous  peroxidase  activity  was  removed  from  de-paraffinized  tissues  by 
immersion  in  a  0.3%  peroxide  solution  for  20  min,  followed  by  washing  with 
ddH20,  and  then  PBS  buffer.  This  was  followed/by  Washing  with  95%  ethanol,  and 
rinsing  with  PBS  buffer.  Human  Fc  receptors  were  blocked  by  addition  of  100  pi  of 
human  IgG  in  PBS  buffer  (1  mg/ml),  incubated  for  20  min  at  room  temperature,  and 
then  rinsed  with  PBS  buffer.  The  primary  antibodies  (either  anti-Cul-5  or  pre- 
immune  IgGs)  were  prepared  in  stock  solutions  of  1  mg/ml  in  PBS  buffer 
containing  0.1%  sodium  azide,  and  were  utilized  at  dilutions  of  1:400  in  PBS  buffer 
containing  10%  goat  serum,  and  the  tissues  were  incubated  for  12-18  h  at  4'C. 
(Antibody  dilutions  were  initially  tested  ranging  from  1:50  to  1:1600.  A  dilution  of 
1:400  of  protein  A-purified  antibodies  was  deemed  optimal  on  the  basis  of  contrast 
staining  between  anti-Cul-5  antibodies  and  pre-immune  antibodies.)  The  following 
day  the  antibodies  were  removed  by  washing  with  PBS  buffer  at  room  temperature. 
A  solution  of  biotinylated  secondary  goat  anti-rabbit  antibody  was  applied  to  each 
section  and  incubated  for  30  min.  Following  washing  of  the  secondary  antibody 
with  PBS  buffer  ABC  solution  (avidin-biotin-horseradish  peroxidase,  Ventana 


Medical  Systems,  Tucson,  AZ)  was  added  to  each  section  for  30  min.  Non-bound 
peroxidase  was  removed  by  washing  with  PBS  buffer.  Visualization  of  staining 
-perferiTTgd'try  addition  of  a  3,3'  diaminobenzidine  (DAB)  for  8  min,  rinsed  with  PBS 
buffer,  counterstained^with  Hematoxylin,  rinsed  with  PBS  buffer,  washecf  with 
xylene,  and  coverslipped  with  Aquamount. 


Flow  cytometric  analysis  of  HVACM  expression  in  PMNs 

Peripheral  blood  cells  (lymphocytes,  monocytes,  and  PMNs)  isolated  using  a  Ficoll 


gradient,  washed  with  PBS  buffer  containing  0.1%  bovine //albumin\erum 


Fraction  Vi  Cells  were  stained  for  Cul-5  intracellularly^-Tho  cells  were  fixed  in  PBS 

i^tl 

buffer  containing  1%  PFA  for  30  min,  on  ice,  and  then  permeabilized  with  staining 
buffer  (PBS  buffer  containing  1%  BSA,  0.1%  sodium  azide,  and  0.3%  saponin).  Anti 
Cul-5  antibodies  or  pre-immune  antibodies  were  diluted  in  staining  buffer  (final 
concentration  of  antibodies:  0.4  |ig/ml).  The  cells  were  incubated  in  the  presence  of 
antibodies  for  15  min,  on  ice,  washed  with  staining  buffer,  stained  with  goat  anti- 
rabbit-FITC  (Life  Technologies,  Gaithersburg,  MD),  and  finally  washed  again  with 
staining  buffer.  Tfie-cefeivero-analyzed  with  a  Becton  Dickinson  FACScan  five 


parameter  flow  cytometer.  Cul-5  expression  was  analyzed  by  laser-stimulated  FITC 
excitation  (495  nm)  and  detected  emission  (519  nm).  Expression  of  Cul-5  was  gauged 
against  pre-immune  antibodies  by  comparison  of  histograms  of  fluorescence 
intensity. 


SDS-polyacrylamide  gel  electrophoresis  (PAGE)  and  Western  blot  analysis 
Protein  lysates  from  COS-7  cells  over-expressing  Cul-5  were  separated  by  10%  SDS- 
PAGE  at  75  V  for  2.5  h  at  room  temperature  in  a  Tris-glydne  buffer  (25  mM  Tris- 
base,  pH  8.3, 192  mM  glycine,  0.1%  SDS)  (Laemmli  1970;  Ausubel,  Brent  et  al.  1988). 
The  gels  were  rinsed  briefly  with  distilled  water,  and  proteins  were  transferred  to  a 


methanol-activated  Imobilon-P  membrane  (0.45  pm  porosity)  (Millipore  Inc., 
Bedford,  MA)  at  15  V,  18  h,^4^C  in  a  Tris-glycine  buffer  (20  mM  Tris-base,  pH  8.0, 
15  mM  glycine)  containing  20%  methanol  (Towbin,  Staehelin  et  al.  1979). 

Immunoblotting  with  anti-Cul-5  antibodies 

Following  Western  transfer,  the  Imobilon-P  membranes  were  blocked  in  blocking 
buffer  (10  mM  Tris-HCl,  pH  7.3, 100  mM  NaCl,  0.1%  Tween-20,  5%  non-fat  dried 
milk)  for  1  h  at  room  temperature.  Cul-5  antibodies  (10  |ig)  were  diluted  in  5  ml  of 
blocking  buffer  and  added  to  the  membrane  for  15  min,  followed  by  repeated  washes 
with  wash  buffer  (10  mM  Tris-HCl,  pH  7.3, 100  mM  NaCl,  0.1%  Tween-20).  Specific 
Cul-5  antibodies  were  detected  by  incubation  of  the  membrane  with  goat  anti-rabbit- 
horse  radish  peroxidase-conjugated  secondary  antibody  (Life  Technologies, 
Gaithersburg,  MD)  diluted  1:20,000  in  blocking  buffer  for  30  min  at  room 
temperature,  repeated  rinsing  with  wash  buffer,  and  visualization  using  enhanced 
chemiluminescence  (ECL)  (Amersham,  Piscataway,  NJ). 


Results 

Characterization  of  Cul-5  antibodies 

Anti-Cul-5  polyclonal  antibodies  detected  two  proteins  of  molecular  sizes  -95  kD 
and  -50  kD  in  cell  lysates  of  COS-7  cells  over-expressing  Cul-5  (Fig.  9)  by  SDS-PAGE 
and  Western  blot  analysis.  The  pre-immune  antibodies  did  not  detect  any  proteins, 
indicating  the  specificity  of  the  anti-Cul-5  antibodies.  Pre-incubation  of  the  anti-Cul- 
5  antibodies  with  the  immunizing  peptide  successfully  blocked  the  staining  of  these 
two  bands  (data  not  shown). 


Kidney  Cul-5  expression  <*w-0 

Positive  staining  of  this  tissu^appeared  to  be  localized  exclusively  to  the  distal 


convoluted  tubules  (Fig.  l^T^^aimng  was  intracellular,  and  no  membrane 
staining,  either  apical  or  basolateral,  was  noted.  No  other  tubular  segments  or- 
legions  of  the  kidney  demonstrated  positive  staining  for  Cul-5. 


Liver  Cul-5  expression 

Positive  staining  of  liver  was  localized  exclusively  to  cells  inhabiting  the  liver 
sinusoids  (Fig.  2).  These  cells  were  identified  as  Kupffer  cells,  macrophages  that 
normally  reside  in  the  hepatic  sinusoids.  No  other  cells  types  within  the  liver 
demonstrated  any  staining  for  Cul-5. 


Skeletal  muscle  Cul-5  expression 

Positive  staining  of  skeletal  muscle  was  visualized  in  the  endothelial  cells 
comprising  capillaries  of  this  tissue  (Fig.  3).  This  staining  was  intracellular,  and  was 
successfully  blocked  when  anti-Cul-5  antibodies  were  incubated  with  tissues  in  the 
presence  of  a  10-fold  molar  excess  of  the  immunizing  peptide  (data  not  shown). 
Some  mild  positive  staining  of  the  sarcomeres  is  also  apparent. 


Lymph  node  Cul-5  expression 

Positive  staining  of  the  lymph  nodes  was  localized  to  cells  residing  within  the 
germinal  centers  of  the  nodes /(Kgr-iT^ese  cells,  with  their  high  cytoplasm-to- 
nucleus  ratios,  are  most  likely  T-  and  B-lymphocytes  undergoing  antigenic 


challenge.  No  positive  staining  was  evident  in  cells  with  little  or  no  cytoplasm, 
located  in  the  areas  surrounding  the  germinal  centers.  These  cells  are  presumably 
small  lymphocytes  that  are  resting  in  a  pre-blast  state,  and  have  not  yet  undergone 
antigenic  challenge.  //*«***{ 


Lung  Cul-5  expression 

Initial  evaluation  of  lung  tissue  stained  with  anti-Cul-5  antibodies  revealed  no 
staining  of  the  alveolar  epithelium,  or  of  endothelial  cells  comprising  capillary 
vessels  scattered  throughout  the  tissue  (H^T^ronounced  positive  staining  of  cells 
attached  to  the  alveolar  surface  was  observed.  These  cells  were  determined  to  be 


polymorphonuclear  (PMN)  cells,  based  on  the  multi-lobulated  with  no  nuclear 
staining.  Staining  appeared  to  be  cytoplasmic,  and  excluded  from  the  nuclei.  In 
some  cases,  staining  of  subcellular  granules  was  noted.  However,  both  the  pre- 
immune  controls  (Hgr^nd  antigen-blocked  controls  (figrTUso  stained  normal 
lung  tissue  in  a  similar  fashion,  indicating  that  staining  of  these  cells  was  most 
likely  an  artifact  due  to  either  endogenous  peroxidase  activity  that  could  not  be 
successfully  removed  during  tissue  treatment  with  peroxide,  or  a  failure  to  properly 
block  Fc  receptors  located  on  these  cells. 


Flow  cytometric  analysis  of  Peripheral  Blood  Cells 

Both  anti-Cul-5  antibodies  and  pre-immune  antibodies  stained  PMN  cells  with 


equal  fluorescence  intensity  in  flow  cytometry  performed  on  PMNs,  confirming  an 
absence  of  specific  Cul-5  antibody/Cul-5  protein  interactions,  and  confirming  the 
false-positive  results  from  immunohistochemistry  of  the  lung  (»gr ) 


Discussion 

Immunohistochemical  localization  of  Cul-5  to  the  distal  convoluted  tubule 
in  human  kidney  corroborates  evidence  found  for  the  rabbit  VACM-1  receptor, 
which  was  cloned  from,  and  immunolocalized  to  cells  comprising  the  rabbit  kidney 
distal  convoluted  tubule  (Bumatowska-Hledin,  Spielman  et  al.  1995).  The 


significance  of  Cul-5  expression  in  the  distal  convoluted  tubule  is  not  clear,  since  no 
explicit  function  has  yet  been  attributed  to  this  protein  (Byrd,  Stankovic  et  al.  1997; 
Longo,  North  et  al.  1997).  However,  results  obtained  in  the  current  studies  differ 
from  those  obtained  for  the  rabbit*  VACM-1  staining  was  reported  to  be  basolateral 
(Burnatowska-Hledin,  Spielman  et  al.  1995),  while  Cul-5  seems  to  be  expressed 
intracellularly,  with  no  apical  or  basolateral  localization.  Possible  explanations  for 
this  apparent  difference  between  VACM-1  and  Cul-5  localization  may  be  the  tissue 
preparation  method  employed,  or  observational  variance.  VACM-1 
immunohistochemistry  in  rabbit  kidneys  was  performed  on  frozen  tissue  sections 
using  immunofluorescence,  while  the  studies  reported  here  were  performed  on 
AMeX-processed  tissues.  The  possibility  that  AMeX  fixation  altered  the  cellular 
localization  of  Cul-5,  however  minute,  cannot  be  ruled  out. 

The  staining  of  Kupffer  cells  within  hepatic  sinusoids  raises  the  intriguing 
possibility  that  Cul-5  may  be  involved  in  the  activities  of  liver  macrophages.  The 
hypothesized  role  of  Cul-5  in  ubiqui  tin-media  ted  degradation  of  cellular  proteins, 
and  the  lability  of  Kupffer  cells  to  small  vasoactive  peptides  (Alexander  1998),  begs 
the  question  of  whether  or  not  Cul-5,  and  AVP,  have  cell-specific  function  in 
Kupffer  cells.  Kupffer  cells  are  modified  macrophages  that  originate  in  the  bone 
marrow,  and  migrate  to  the  sinusoids  of  the  liver,  where  they  differentiate  into 
their  final  phenotype  (Bouwens  1988;  Naito,  Hasegawa  et  al.  1997).  Kupffer  cells 
carry  out  typical  macrophage  duties  like  the  clearance  of  IgA-  and  IgG-bacterial 
complexes  (Bogers,  Stad  et  al.  1992),  as  their  macrophage  phenotype  would  suggest, 
but  also  participate  in  several  pathophysiologic  processes  of  the  liver  (Cerra,  West  et 
al.  1988).  During  bacterial  sepsis  (endotoxic  shock),  ischemia,  and  injury,  Kupffer 
cells  synthesize  and  release  the  free  radical  nitric  oxide  (NO)  (Alexander  1998).  At 
low  levels,  NO  is  both  bactericidal,  as  well  as  tumoricidal  (Evans  1995;  Alexander 
1998).  However,  at  higher  levels,  NO  is  toxic  to  the  liver  (Evans  1995).  Prolonged 


stimulation  or  hyper-stimulation  of  Kupffer  cells  can  lead  to  free-radical  induced 
destruction  of  the  liver  (Cerra,  West  et  al.  1988),  despite  the  cytoprotective  effects  of 
antioxidants  secreted  by  the  endothelial  cells  lining  the  liver  sinusoids  (Moro, 
Jacoulet  et  al.  1994;  Spolarics  1998).  Liver  necrosis  in  response  to  alcohol  abuse  is  the 
indirect  result  of  alcohol-induced  release  of  endotoxins  from  bacteria  in  the  gut, 
which  stimulate  the  production  and  release  of  liver-damaging  NO  (as  well  as 
eicosanoids  and  tumor  necrosis  factor-alpha)  from  Kupffer  cells  (Thurman, 

Bradford  et  al.  1997).  Conversely,  Kupffer  cells  have  profound  effects  on  liver 
regeneration  through  their  production  of  the  hormone  Hepatocyte  Growth  Factor 
(HGF)  (Matsumoto  and  Nakamura  1991),  and  in  response  to  pro-inflammatory 
cytokines  (Diehl  and  Rai  1996).  Kupffer  cells  also  are  a  major  producer  of 
metalloproteinases,  which  may  be  important  in  liver  restructuring  following  injury 
or  necrosis,  or  which  could  possibly  induce  necrosis  in  some  pathophysiological 
states  (Arthur  1994).  Whether  or  not  Cul-5  plays  a  role  in  any  of  these  processes  is 
unknown. 

The  vasopressin  receptor  subtype  Vu  is  expressed  in  liver  hepatocytes,  and 
AVP-stimulation  of  these  cells  increases  glycogen  phosphorylase  activity  (Diehl  and 
Rai  1996).  The  role  of  AVP  in  the  hepatocyte  function  of  humans  appears  to  be  ^ 
relatively  minor  when  compared  to  that  of  the  rat.  In  rat  liver,  AVP  stimulates 
profound  increases  in  glycogen  phosphorylase  activity,  as  well  as  in  DNA  synthesis 
(Howl,  Ismail  et  al.  1991).  AVP  can  evoke  increases  in  [Ca2+]i  in  hepatocytes  located 
in  the  pericentral  regions  of  the  liver,  and  these  Ca2+  "waves"  propagate  out  into  the 
periportal  regions  of  the  liver  (Nathanson,  Burgstahler  et  al.  1995).  The  ability  of 
VACM-1  (and  by  inference  Cul-5)  to  evoke  increases  of  [Ca2+]j  in  response  to  AVP,  in 
conjunction  with  the  Vja  receptor's  established  role  in  hepatic  Ca2+  homeostasis, 
paints  a  more  complex  picture  of  how  AVP  may  be  affecting  liver  Ca2+  metabolism 
and  function  (Burnatowska-Hledin,  Spielman  et  al.  1995;  Longo,  Fay  et  al.  1998). 


The  sele&ive  positive  staining  for  Cm&5  found  in  the  germina)/center  of 
lymph  nodes  suggests-  tha^Cul-5  may-play  a  role  in  the-mstuE^i^-or  function  of 
lymphocytes  or  macrophages  -that-occnpy~the  germinal- centers.  Several  lines  of 
evidence  suggest  that  AVP  can  modulate  cell-mediated  immunity,  and  can 
influence  the  maturation  of  several  immune  cell  types,  and  that  these  effects  are 
mediated  by  several  AVP  receptor  subtypes  (Bell,  Adler  et  al.  1992).  AVP  is  released 
from  the  posterior  pituitary  in  response  to  different  forms  of  immune  stress,  in 
addition  to  its  release  in  response  to  low  osmolality  or  fluid  loss  (Bell,  Adler  et  al. 
1992).  Macrophages  express  AVP  receptors,  and  AVP  stimulates  cAMP  production 
in  these  cells  (Bell,  Adler  et  al.  1993).  Induction  of  interferon-gamma  (IFNy) 
production  in  mouse  spleen  cells  through  a  Vi-type  cGMP-dependent  mechanism 
has  also  been  demonstrated  (Johnson,  Farrar  et  al.  1982;  Johnson  and  Torres  1985;  , 
Elands,  Resink  et  al.  1990).  Vasopressin  Vi  receptor  agonists  and  antagonists  were 
able  to  stimulate  and  block,  respectively,  IFNy  production  in  splenic  lymphocytes, 
while  vasopressin  V2  receptor  agonists  and  antagonists  had  no  effect  (Johnson  and 
Torres  1988;  Torres  and  Johnson  1988).  AVP  stimulates  peripheral  PMNs  and  B- 
cells  to  produce  p-endorphin  (Kavelaars,  Ballieux  et  al.  1989).  Several  immune  cells 
types,  ranging  from  splenic  plasma  cells  and  immature  lymphocytes,  to  immune 
support  cells  like  the  thymic  nurse  cells  (which  are  responsible  for  controlling  the 
development  and  differentiation  of  immature  T-cells  within  the  thymus)  are  also 
influenced  by  AVP  (Hammer  and  Skagen  1986;  Liard  1986;  Wiles,  Grant  et  al.  1986). 
In  its  capacity  as  an  AVP-binding  protein/ Cul-5  may  be  involved  in  some  of  the 
AVP-responsive  physiologic  phenomena  observed  in  immune  cells  (Longo,  Fay  et 
al.  1998). 

Endothelial  cells  comprising  the  capillary  walls  of  skeletal  muscle  express 
Cul-5.  No  positive  staining  of  capillary  endothelial  cells  was  noted  in  any  of  the 
other  tissues  studied,  indicating  that  Cul-5  localization  to  capillaries  was  specific  to 


Ml 


the  endothelial  cells  of  skeletal  muscle  alone.  AVP  can  reduce  blood  flow  in  skeletal 
muscle,  as  well  as  in  skin  (Hammer  and  Skagen  1986;  Liard  1986;  Wiles,  Grant  et  al. 
1986).  Whether  these  effects  are  mediated  through  the  classical  AVP  receptors,  or 
through  Cul-5,  is  unclear,  since  none  of  these  studies  tested  the  effects  Vi  or  V2 
receptor  agonists  or  antagonists  on  blood  flow  (Hammer  and  Skagen  1986;  Liard 
1986;  Wiles,  Grant  et  al.  1986). 

More  intriguing  is  the  role  of  AVP  in  the  morphogenic  differentiation  of 
skeletal  muscle  cells.  Cultures  of  L6  myoblasts,  treated  with  1  (iM  AVP 
demonstrated  an  increase  in  myotube  size,  without  cell  division  (Nervi,  Benedetti 
et  al.  1995).  This  effect  was  blocked  by  treatment  of  cells  with  AVP  in  the  presence  of 
a  Vi  receptor  antagonist  (Nervi,  Benedetti  et  al.  1995).  AVP-induced  expression  of 

the  muscle-specific  transcription  factor  Myf-5  and  the  muscle-specific  protein 

,0^  ' 

myogenin  was  also  noted  (Nervi,  Benedetti  et  al.  1995).  AVP-induce  skeletal  muscle 
differentiation  may  be  mediated  through  the  stimulation  of  phospholipase  D  (Naro, 
Donchenko  et  al.  1997).  Given  its  proposed  role  as  a  cullin,  Cul-5  may  be  partly 
responsible  for  catabolic  processes  (i.e.  protein  degradation)  that  are  essential  for 
^jA VP-induced  skeletal  muscle  growth  and  differentiation. 

Initial  immunohistochemical  evaluation  of  normal  human  lung  indicated 
that  Cul-5  was  expressed  in  cells  attached  to  the  alveolar  surface,  but  not  in  lung 
epithelial  cells,  or  in  lung  capillary  endothelial  cells.  Cul-5-expressing  cells  were 
evaluated  to  be  PMNs,  based  on  their  multi-lobulated  nuclear  morphology. 
However,  positive  staining  was  also  apparent  in  both  the  pre-immune  controls  and 
pepflde'controls  employed  in  immunohistochemistry,  indicating  that  staining  of 
these  PMNs  was  probably  non-specific.  This  non-specific  staining  for  Cul-5  was 
confirmed  by  flow  cytometry  on  peripheral  blood  cells  (PMNs,  macrophages,  and 
lymphocytes)  stained  with  anti-Cul-5  antibodies.  Evaluation  of  Cul-5  expression  by 
Western  Analysis  confirmed  that  Cul-5  protein  was  absent  from  peripheral  blood 


cells.  This  raises  an  interesting  question:  if  neither  lung  epithelial  cells  or 
endothelial  cells,  nor  immune  cells  inhabiting  the  alveolar  spaces  of  the  lung, 
express  HVACM,  then  why  is  this  protein  expressed  in  an  SCLC  cell  line  (Longo,  Fay 
et  al.  1998)?  (Conversely,  why  do  Kupffer  cells  express  Cul-5  protein,  while  their 
systemic  and  alveolar  counterparts  do  not?)  A  transformed  lung  PMN  might 
abnormally  express  this  protein,  whereas  the  precursor,  untransformed  cell,  might 
not.  The  abnormal  expression  of  Cul-5  in  these  tumors  may  be  explained  by  the 
high  frequency  of  chromosomal  abnormalities  found  in  the  Cul-5  locus  on  human 
chromosome  llq22-23  in  lung  and  breast  tumors  (Carter,  Negrini  et  al.  1994;  Rasio, 
Negrini  et  al.  1995;  Tomlinson,  Strickland  et  al.  1995;  Kerangueven,  Eismger  et  al. 
1997).  It  is  also  possible  that  this  particular  lung  tumor  did  not  originate  in  the  lung 
at  all,  but  rather  from  a  transfonnpd^elTtypefliatndgrated  to  thelm^/  Smee€ui-5— 

Tippearirto-beexpressed^^ 

'-is  posslbhrlhat  the  SO.<feelFBnetTCmH5  originatea-from-either^lwolar-^^— 
macrophagesorTym^hocytes,  or  transformed  magoph-ages^mHymphecyte^that 

Q  migrated  to  the  lungWf  and  Pert  1984;  Ruff  and  Pert  1987).  Lung  hunvs^^ 
particular  SCLC  tumors,  may  originate  from  alveolar  macrophagesr^everal  SCLC 
tumors  exhibit  both  neuroendocrine  and  immune  cell  features,  traits  that  are 
entirely  consistent  with  the  cell  line  NCI-H146  (Koros,  Bey  et  al. ;  Ruff  and  Pert  1984; 
North  1991).  Moreover,  alveolar  macrophages  become  cytochemically  altered  in 
smokers  and  SCLC  patients  (Berman  and  Goldman  1992),  suggesting  that  smoker 
induced  differentiation  of  macrophages,  cells  which  are  normally  capable  of 
movement  between  tissues  by  extravasation/intravasation,  might  produce  tumor 
cells  with  an  inherent  ability  to  "metastasize." 


FIGURE  LEGENDS 


Figs.  lfi.  Positive  Cul-5  intracellular  immunostaining  of  distal  convoluted  tubule 
(D)  cells  (Fig.  1),  Kupffer  cells  (K)  in  hepatic  sinusoids  (Fig.  2))jcapillary  endothelial 
cells  (C)  in  skeletal  muscle  (Fig.  3),  and-4ymphocyfes  (T )  inhabi-tmg-the  germinal^^ 
— GenlgrsjaOymph-node'  (Figr4^.  No  positive  immunostaining  was  noted  with  pre- 
immune  antibody  controls,  or  antigen-blocked  antibody  controls,  for  the  above 
tissues. 

Figs.  5-7.  PoSitive^Cul-5  intracelhillr^inmunostaining  of  immune  cells  in  the 
alveolar-spaces  of  normakfuiman  lung  (Fig.  5)>PQsitive  staining  was  also  observed 
-immune-control  tissue  (Figv^),  and  antigen-blocked^antibody  control  tissue 
suggesting  that  anti-Cul-5  antibodies  were  non-spedfically  interacting  with 
cells. 


Fig.  8JFlow  cytc^etrr<>iustograms-ofperipheral  blood  immune  cells  (monocytes, 
phocyfes^and  polyrnorphormclean^eil^)\Stained^vviffK^nti -Cul-5  antibodies  (A) 
and^re-immune^aiitibodies^b)-  Tfte^imilar  flowx^tometric  staining  profileSswith 
twd-antibodies  corroborate  the, non-specific  stainihgmoted  in 
immunohistochemistry  of  the  lilng.  (Figs.  5-7). 


Fig.  ^  Characterization  of  Cul-5  rabbit  polyclonal  antibodies.  Cell  lysates  from  COS- 
7  cells  over-expressing  Cul-5  were  subjected  to  SDS-PAGE  and  Western  blotting,  and 
immunoblotted  with  either  pre-immune  antibodies  (PI)  or  anti-Cul-5  antibodies  (a- 
Cul-5) ,  and  a  secondary  anti-rabbit-HRP  antibody.  Two  protein  bands  of 
approximate  molecular  sizes  95  kD  and  50  kD  were  visualized  using  anti-Cul-5 
antibodies.  These  two  proteins  were  not  detected  with  the  pre-immune  control  lane 
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SUMMARY 

Vasopressin  (AVP)»  may  be  involved  in  human  lung  cancer  pathophysiology,  as  an 
autocrine/paracrine  hormone.  AVP  can  act  through  four  classes  of  receptors:  V2,  Vla,  Vlb,  and 
the  vasopressin-activated  calcium  mobilizing  (VACM-1)  receptor,  a  structurally  unique  member 
of  this  group.  (Recently,  a  highly  homologous  cDNA,  termed  Hs-VACM-1,  was  cloned  from 
human  placental  mRNA.)  A  human  orthologue  of  rabbit  VACM-1  is  expressed  in  the  small  cell 
lung  cancer  cell  line  NCI-H146.  AVP  induced  an  increase  in  intracellular  free  calcium  in  this 
cell  line,  but  no  increase  in  total  inositol  phosphates.  NCI-H146  expressed  three  distinct  mRNA 
bands  of  3.5,  5  and  6.5  kilobases  by  Northern  blot.  RT-PCR  products  of  the  predicted  sizes  of 
674  bp  and  193  bp  were  amplified  from  NCI  H-146,  normal  human  lung  and  kidney  RNA,  using 
primers  designed  from  the  rabbit  VACM-1  and  a  human  expressed  sequenced  tag  with  homology 
to  VACM-1.  Overlapping  5’RACE  and  3’RACE  products  were  cloned  from  NCI-H146  RNA, 
and  sequenced.  The  clone,  named  HVACM,  encodes  an  open  reading  frame  (ORF)  of  780 
amino  acids  and  shares  a  high  degree  of  amino  acid  identity  to  the  rabbit  VACM-1  (97%)  and  the 
Hs-VACM-1  (97%)  as  well  as  the  cullins,  a  family  of  proteins  involved  in  ubiquitin-mediated 

cell  cycle  regulation. 


INTRODUCTION 

Several  human  arginine  vasopressin  (AVP)  receptors  of  the  seven-transmembrane 
domain,  G-protein  linked,  class  have  been  cloned  and  characterized  (1, 2,  3)  The  V2  receptor  is 
coupled  to  the  enzyme  adenylate  cyclase.  The  expression  of  this  receptor  has  been  demonstrated 
in  the  kidney,  and  its  activation  by  AVP  leads  to  the  insertion  of  aqueporins  in  the  luminal 
membranes  of  principal  cells,  and  increased  water  reabsorption  (4, 5, 6, 7,  8, 9).  Two  classes  of 
Vj  receptor  have  been  defined.  The  Vu  receptor  is  expressed  in  arterial  smooth  muscle,  and 
activates  phospholipase  C,  which  in  turn  leads  to  the  generation  of  inositol  triphosphate  (IP3)  and 
diacylglycerol  (DAG),  and  elevates  intracellular  calcium  and  activates  protein  kinase  C, 
respectively  (10, 11, 12, 13, 14, 15, 16).  Activation  of  this  receptor  is  responsible  for  contraction 
of  arterial  smooth  muscle,  mediating  pressor  activity  and  maintenance  of  blood  pressure.  The 
V]b  receptor  also  known  as  the  V3  receptor  (17),  is  expressed  in  the  adenohypophysis  (18,  19). 
The  Vib  receptor  can  also  stimulate  phosphoinositide  hydrolysis  and  increases  in  intracellular 
calcium;  several  members  of  the  phospholipase  family  have  been  hypothesized  as  partners  for 

this  receptor  (18, 19, 20). 

Recently,  a  potential  new  member  of  the  AVP  receptor  family  was  expression-cloned 
from  rabbit  kidney  medulla.  This  putative  vasopressin  activated  calcium  mobilizing  receptor, 
VACM-1  (GenBank  accession  number  S78157),  encodes  a  protein  larger  than  the  serpentine 
receptors  (780  amino  acids),  and  does  not  fit  the  seven-transmembrane  domain  model  (21). 
VACM-1  has  been  postulated  to  be  a  single-transmembrane  domain  protein  due  to  the  presence 
of  a  hydrophobic  segment  of  20  amino  acids,  though  its  topology  or  orientation  with  the 
membrane  have  not  been  definitively  determined.  VACM-1  overlaps  mechanistically  with  the 
Vi  receptors:  the  stimulation  of  these  receptors  induces  increases  in  intracellular  calcium  (21, 
22).  In  contrast  to  the  VI  receptors,  VACM-1  is  not  G-protein  linked,  and  can  generate  Ca"-+ 
increases  without  the  production  of  IP3.  The  mechanism  for  the  Ca2+  elevation  induced  by  this 

receptor  is  unknown. 

A  human  homologue  of  this  receptor,  Hs-VACM-1  (GenBank  accession  number 


X81882),  was  recently  cloned  and  mapped  to  chromosome  1 1  (q22-23)  (23).  This  discovery  was 
made  through  a  study  of  the  disorder  Ataxia  Telangiectasia,  which  maps  to  the  same  locus  (24). 
The  receptor  mRNA  is  ubiquitously  expressed  (23),  but  the  physiology  or  function  of  this  protein 
is  unknown  .  The  homology  of  this  receptor  with  the  cullins,  a  family  of  proteins  implicated  in 
the  ubiquitin-mediated  degradation  of  of  cyclins  (or  cyclin/CDK  inhibitors)  suggests  a  role  for 
the  VACM  proteins  in  similar  degradative  processes  (25, 26, 27, 28). 

Work  in  our  laboratory  has  demonstrated  the  presence  of  a  VACM-l-like  mRNA  in  the 
small  cell  lung  cancer  cell  line  NCI-H146,  and  a  preliminary  Report  on  this  work  has  been 
presented  (29).  We  have  performed  Northern  blot  analysis  for  the  mRNA  ,  and  have  isolated  a 
cDNA  clone  for  this  putative  receptor,  that  we  have  named  the  human  vasopressin-activated 
calcium  mobilizing  (HVACM)  receptor.  HVACM  has  considerable  homology  to  both  the 
genomic  human  (HS-VACM-1)  and  the  rabbit  (VACM-1)  receptors,  and  contains  an  ORF 
encoding  a  putative  protein  of  780  amino  acids.  HVACM  could  be  a  functional  protein  in  NCI- 
H146,  since  this  cell  line  does  not  appear  to  express  mRNAs  for  any  of  the  other  known  AVP 
receptors  (V2,  Vi*  and  Vn,),  but  responds  to  AVP  stimulation  with  an  increase  in  intracellular 
calcium  originating  from  an  intracellular  store  that  is  distinct  from  the  ryanodine-sensitive 
smooth  endoplasmic  reticulum  calcium  reservoirs. 

EXPERIMENTAL  PROCEDURES: 

Cell  culture  -  NCI-H146  cells  were  obtained  from  the  American  Type  Culture  Collection 
(Rockville,  MD),  and  maintained  in  RPMI 1640  supplemented  with  10%  fetal  bovine  serum 
(Hyclone  Laboratories,  Logan  UT),  without  antibiotics. 

RT-PCR  analysis  of  HVACM  mRNA  expression  -  Total  RNA  from  NCI-H146  was 
analyzed  for  the  presence  of  VACM-l-like  mRNA  using  the  reverse  transcription  polymerase 
chain  reaction  (RT-PCR).  Briefly,  1  ug  of  total  RNA  was  reverse  transcribed  using  the 
Superscript  II  enzyme  (Life  Technologies,  Gaithersburg,  MD),  and  subsequently  subjected  to  35 
cycles  of  PCR  using  the  Taq  polymerase  enzyme  (Perkin  Elmer,  Branchburg,  NJ)  (28). 


Synthetic  primers  1432F(5’  GAATGGOTAAGAGAAGTTGGTATG  3’),  20S2R  (5’ 
TCTTCTCTCATCCTTTCTGTAGTG  3’),  325F  (5’  CATACCAACTTCTCTTAGCCACTC  3’), 
and  156R  (5’CACCATTAAGCAAAACTACCTCTG  3’)  were  designed  using  the  program 
Oligo™  for  the  Macintosh,  and  purchased  from  Life  Technologies  (Gaithersburg,  MD).  The 
primers  1432F/2082R  and  325F/156R  amplify  a  674  base  pair  (bp)  fragment  and  a  193  bp 
fragment,  respectively,  within  the  putative  ORF  for  VACM-1.  Conditions  for  PCR  involved  an 
initial  denaturation  step  (96  *C,  2.5  min).  This  was  followed  by  35  cycles  of  the  following 
sequence:  96  ’C  for  45  s;  60  *C  for  45  s;  and  72  'C  for  1.5  min,  and  a  final  extension  time  of  10 
min.  RT-PCR  products  were  separated  by  1%  agarose  gel  electrophoresis,  and  visualized  with 

ethidium  bromide  staining  over  a  UV  transilluminator. 

Northern  blotting  of  HV ACM  mRN A  -  Total  RNA  was  extracted  from  NCI-H146  using  4 
M  guanidinium  thiocyanate  and  subsequent  cesium  chloride  gradient  centrifugation,  and 
electrophoresed  through  a  1.2%  agarose  gel  containing  1.1%  formaldehyde.  The  RNA  was 
transferred  to  nitrocellulose  overnight  using  20xSSC  as  the  mobile  phase,  followed  by  baking  of 
the  membrane  (80  'C,  2  h).  The  membrane  was  then  incubated  in  50%  formamide,  5  x  SSPE,  5 
x  Denhardt’s  reagent,  0.1  mg/ml  salmon  sperm  DNA,  and  0.1%  SDS,  at  42  'C  for  2  h.  This  was 
followed  by  incubation  in  the  presence  of  a  radiolabeled  probe  for  16  h  at  42  *C.  The  probe 
corresponds  to  the  674  bp  fragment  generated  by  RT-PCR  from  NCI-H146  total  RNA  using  the 
primer  pair  1432/2082,  and  was  32P-labeled  with  a  DecaPrime  DNA  labeling  kit  (Ambion, 

Austin,  TX).  Any  non-specific  ally  bound  probe  was  removed  from  the  membrane  by  washing 
for  20  m  at  RT  with  10  ml  1  x  SSC,  0.1%  SDS.  Three  additional  washes  were  performed  at  68 
°C  with  0.2  x  SSC,  0.1%  SDS.  Interaction  with  the  probe  was  resolved  by  autoradiography  (30). 

Isolation  ofHVACM  nucleotide  clones  -  Both  5’-  and  3-  rapid  amplification  of  cDNA 
ends  (RACE)  (25, 31)  were  employed  to  clone  the  open  reading  frame  of  this  gene.  An  initial 
reverse  transcription  was  performed  (see  above)  using  the  primer  138R  (5 
TTGTTTTTGTAAGGTAAGGCAGAG  3’).  5’RACE  was  performed  using  the  primers  5’ATGF 
(5’  TCCAAGTTAAAGAACATGGCG  3’)  and  2082R.  3’RACE  was  performed  using  the 


bovine  serum  albumin  for  24  h  at  37  *C.  The  cells  were  assayed  for  total  inositol  phosphate 
production  in  a  physiological  salt  solution  containing  lithium  chloride  (PSS)  pH  7.35,  with  the 
following  composition:  NaCl  (105  mM),  LiCl  (30  mM),  NaHC03  (4.2  mM),  KCl  (5.9  mM), 
CaC12  (1.8  mM),  MgC12  (1.4  mM),  NaH2P04  (1.2  mM),  glucose  (11  mM),  HEPES  (10  mM). 
Following  three  washes  with  5  ml  PSS,  the  cells  were  incubated  in  the  same  solution  for  10  m  at 
37  *C.  They  were  stimulated  with  1000  nM  AVP  for  a  30  min  time  period  at  37  C.  Aliquots 
were  periodically  removed  and  total  inositol  phosphates  extracted.  For  this  extraction,  the  cell 
suspension  was  added  to  one  tenth  (1/10)  volume  (v/v)  of  5  N  perchloric  acid,  1  mM  EDTA,  and 
5  mM  DEPT  A,  and  placed  on  ice  for  30  min.  Subsequently,  one  volume  (v/v)  of  1.5%  K2CO3 
was  added  to  the  acid  extracts  to  precipitate  cellular  debris,  and  the  extracts  were  placed  on  ice 
for  2  h.  After  centrifugation,  neutralized  extracts  of  1  ml  were  loaded  onto  AG1-X8  resin 
(formate  form)  (BioRad,  Hercules,  CA)  columns  equilibrated  with  20  mM  NH40H.  The 
columns  were  washed  sequentially  with  4  ml  40  mM  NH4OH,  4  ml  of  40  mM  ammonium 
formate.,  and  finally  with  4  ml  2  M  ammonium  formate/0. 1  M  formic  acid.  For  detection,  1  ml 
of  the  final  wash  was  added  to  10  ml  of  Hydrofluor  scintillation  fluid,  and  values  of  counts  per 
minute  (cpm)  from  pHjphosphoinosi  tides  were  obtained.  Data  were  obtained  from  five 
independent  experiments  and  expressed  as  an  average  ratio  of  the  control  values,  and  their 
standard  error. 

RESULTS: 

RT-PCR  analysis  ofHVACM  RNA  -  Bands  of  the  predicted  sizes  674  bp  and  193  bp, were 
generated  using  the  VACM-1  selected  primers  1432F/2082R  and  325F/156R,  indicating  that  an 
mRNA  with  considerable  homology  to  the  rabbit  VACM-1  was  being  expressed  in  NCI-H146 
(Figure  1).  Bands  of  similar  size  were  also  amplified  from  normal  human  kidney  and  normal 
human  lung  RNA  (data  not  shown). 

'  Northern  Analysis  ofHVACM  RNA  -  Messenger  RNAs  of  three  distinct  sizes  were 
observed  upon  Northern  analysis  of  total  NCI-H146  RNA  (Figure  2).  These  sizes  were  6.5,  5.0, 


primers  1432F  and  138R.  The  Pfit  we  polymerase  (Stratagene,  La  Jolla,  CA)  was  utilized  for 
higher  fidelity  PCR.  After  an  initial  denaturation  step  (96  *C,  2.5  m),  35  cycles  of  the  following 
sequence  were  conducted:  96  'C  for  45  s;  55  ’C  for  45  s;  and  72  *C  for  8  min.  These  cycles  were 
followed  with  a  final  extension  time  of  20  min.  PCR  products  were  visualized  with  gel 
electrophoresis  and  ethidium  bromide  stainingAJV  illumination,  and  cloned  into  the  pZERO- 

(Blunt)  vector  (Invitrogen,  Portland,  GR)  for  further  analysis. 

DNA  sequencing  o/HVACM  RACE  clones  -  All  sequencing  was  performed  using  the 
ABI/Prism  automated  sequencing  system  (Perkin  Elmer,  Branchburg,  NJ).  The  software 
packages  Align  and  MegAlign  (DNAStar,  Inc.)  and  Gene  Inspector  (Textco,  Inc.)  were 
employed  for  sequence  analysis.  Protein  motifs  were  identified  using  a  program  available  on  the 
Internet,  MotifFinder  (Institute  for  Chemical  Research,  Kyoto  University).  Hydrophobicity 
analysis  of  protein  was  performed  using  the  algorithm  of  Kyte  and  Doolittle  (32). 

Calcium  analysis  -  Cells  (2.0xl06  cells/ml)  were  incubated  in  serum-free  media  m  the 
:  presence  of  the  calcium  indicator  Fura-2AM  (final  concentration  5  mM)  (Calbiochem,  San 
Diego,  CA),  at  37  eC  for  1  h.  The  cells  were  washed  and  resuspended  in  Dulbecco  s  PBS  with 
2.5  mM  Ca2+  or  without  Ca2*  at  a  final  concentration  of  10^  cells/ml.  The  cell  suspension  was 
pre-warmed  (to  37  'C)  and  analyzed  in  a  quartz  cuvette.  [Arg8]AVP,  the  Vu  agonist 
[Phe2,Ile3,Om8]AVP,  or  the  Vlb  agonist  [deamino1-D-3-(pyridyl)Ala2-Arg8]AVP  were  added 
directly  to  the  cuvette.  All  peptides  were  purchased  from  Bachem  (Torrance,  CA).  When 
indicated,  cells  were  pre-incubated  with  the  SER  Ca2+  blocker  TMB-8  (final  concentration  10 
uM)  for  10  min  at  37CC.  Using  a  Perkin  Elmer  LS50B  luminescence  spectrometer,  the  cells  were 
subjected  to  dual  excitation  wavelengths  of  340  and  380  nm.  The  ratio  of  emission  intensity  at 
485  nm  with  each  of  these  excitation  wavelengths  (I/I)  was  determined.  (The  resulting  I/I  value 

is  an  arbitrary  indicator  of  increases  in  [Ca -+]i.) 

Inositol  Phosphate  analysis  ofNCI-H146  -  Total  inositol  phosphates  were  quantified 
using  a  modification  of  the  method  of  Berridge  et  al.  (33).  NCI-H146  cells  were  labeled  with 
[3H]myo-inositol  (DuPont-NEN,  Boston,  MA)  in  myo-inositol-free  RPMI  1640,  with  0.1% 


and  3.5  kilobases  (kb).  This  result  was  in  agreement  with  other  published  results  (23). 

Isolation  of  an  ORF  clone  ofHVACMfrom  NCI-H146  -  Overlapping  5’-  and  3’-RACE 
products  of -2.1  kb  and  1.1  kb  were  amplified,  cloned  in  the  vector  pZERO-Blunt  (Invitrogen), 
and  sequenced.  This  clone  contains  a  ORF  of  2340  nucleotides,  encoding  a  putative  protein  of 
780  amino  acids  (Figure  3).  The  HVACM  proein  shares  97%  identity  with  both  Hs-VACM-1 
and  VACM-1  through  comparisons  using  BLAST.  Neither  Gene  Inspector™  nor  MOTIF 
predicted  an  amino  acid  sequence  with  sufficient  hydrophobicity  to  classify  it  as  a 
transmembrane  protein  (Figure  4).  No  signal  sequence  was  detected  in  this  protein.  However, 
several  other  unconfirmed  motifs  were  predicted.  The  ORF  of  HVACM  contains  two  protein 
kinase  A  (PKA)  phosphorylation  domains  at  Thr427  and  Ser731.  Additionally,  there  are  15 
casein  kinase  II  phosphorylation  sites  and  15  PKC  phosphorylation  sites.  A  single  tyrosine 
kinase  phosphorylation  domain  resides  at  Tyr207.  There  are  two  myristoylation  sites  contained 
by  residues  180..185  and  by  664..669.  There  are  three  N-glycosylation  sites  represented  by 
..  residues  Asnl45,  Asn289,  and  Asn566.  Finally,  a  cullin  homology  domain  was  identified  in  the 
C-terminal  27  amino  acids  of  HVACM.  Additional  homolgy  between  HVACM  and  the  cullins 
outside  of  this  region  was  also  detected. 

AVP  does  not  stimulate  the  production  of  phosphoinositides  in  NCI-H146  -  An  increase 
in  total  phosphoinositides  (IP)  was  not  observed  following  treatment  with  1000  nM  AVP  (Figure 
5).  A  slight  decrease  in  total  IP  levels  was  actually  apparent  in  the  first  10  minutes  following 
AVP  treatment  indicating  that  an  HVdependent  mechanism  was  not  responsible  for  the  AVP- 
induced  increases  in  intracellular  calcium. 

AVP  modulates  intracellular  Ca2+  in  NCI-H146  -  An  increase  in  [Ca2+]i  was  observed 
in  NCI-H146  after  treatment  with  1000  nM  AVP  (Figure  6a).  Neither  a  Via  agonist  (3  uM)  or  a 
Vlb  agonist  (36  uM)  were  able  to  elicit  [Ca2+]i  release  when  used  at  concentrations  with  similar 
activity  to  [Arg8]AVP  (Figures  6b  and  6c,  respectively)  (34, 35, 36).  Depletion  of  Ca2+  from  the 
medium  did  not  block  the  action  of  AVP  (Figure  6d),  nor  did  pre-treatment  of  the  cells  with  the 
SER-specific  Ca2+  blocker  TMB -8  (Figure  6e). 


DISCUSSION: 

The  cDNA  that  we  have  named  HVACM  shares  considerable  amino  acid  identity  with 
both  Hs-VACM-1  and  the  rabbit  VACM-1.  In  all  likelihood,  all  three  forms  probably  encode 
proteins  sharing  identical  mechanistic  and  physiologic  properties.  The  considerable  sequence 
similarity  between  the  human  and  rabbit  prbteins  suggests  a  highly  conserved  evolutionary  role 

for  this  protein. 

The  interaction  of  AVP  with  VACM-1  is  able  to  indue?,  increases  in  intracellular  calcium. 

In  this  study,  the  inability  of  TMB-8  to  block  intracellular  release  of  calcium  suggests  that 
HVACM  (and  therefore  VACM-1)  is  stimulating  an  as  yet  undefined  intracellular  pool  of 

calcium  ions. 

In  addition  to  the  basolateral  localization  of  VACM-1  in  rabbit  kidney  collecting  duct,  ^ 
there  was  also  a  prominent  cytoplasmic  localization,  and  a  minor  nuclear  localization,  of  this 
protein  as  evidenced  from  interactions  with  an  antibody  to  its  C-terminal  domain  in  fluorescence 
microscopy  (21).  While  this  has  yet  to  be  confirmed  for  HVACM  in  the  cell  line  NCI-H146,  it 
raises  the  distinct  possibility  that  VACM-1  (and  HVACM)  are  not  transmembrane  proteins,  but 
rather  cytoplasmic  proteins  that  associate  with  the  plasma  membrane  weakly  and/or  dynamically.. 
The  position  of  HVACM  in  different  cellular  compartments  or  plasma  membranes  may  be 
mediated  through  its  association(s)  with  other  proteins.  AVP,  by  virtue  of  its  interaction  with 
HVACM,  may  control  the  localization  and/or  function  of  HVACM.  The  myristoylation  and 
glycosylation  domains  on  the  proteins  may  allow  VACM-1  and  HVACM  to  associate  with  the 
plasma  membrane.  Clearly,  more  study  is  required  to  understand  the  cellular  localization  of 

VACM  proteins. 

Since  mRNAs  for  VACM  proteins  are  co-expressed  in  many  of  the  same  tissues  as  the 
Via  receptor,  the  important  question  of  functional  overlap  is  raised.  Are  these  receptors 
functionally  synergistic  and  involved  in  the  same  physiologic  processes?  Are  they  antagonistic 
and  involved  in  each  other’s  regulation?  Do  they  have  distinct  physiologic  roles  and  exist  outside 


of  the  other’s  regulation?  . 

Certainly,  the  (unconfirmed)  presence  of  copious  PKC  domains  in  HVACM  insinuates 
that  some  inter-regulation  between  HVACM  and  Via  may  occur  physiologically.  Future 
experiments  should  determine  whether  or  not  AVP  can  stimulate  the  phosphorylation  of 
HVACM  in  cell  systems  where  Via  and  HVACM  are  co-expressed.  Additionally,  the  presence 
of  two  PKA  domains  in  HVACM  suggests  some  form  of  inter-regulation  with  the  V2  receptor 
may  exist,  and  should  be  investigated. 

Perhaps  the  most  intriguing  aspect  of  HVACM  is  its  considerable  homology  to  the 
cullins,  a  family  of  proteins  implicated  in  the  ubiquitin-mediated  degradation  of  Gl-  and  M- 
phase  cyclins,  or  their  inhibitors  (37,  38).  The  cullins  appear  to  serve  a  highly  conserved 
regulatory  role  in  the  cell  cycle  of  eukaryotes  from  yeast  (37)  to  humans  (36).  By  virtue  of  this 
domain,  HVACM  may  be  involved  in  the  ubiquitin-mediated  degradation  of  cellular  proteins. 

Individual  cullin  proteins  are  a  part  of  defined  multimeric  protein  complexes  that  serve  as 
functional  ubiquitin  ligases  (25, 26, 27, 28).  The  interaction  of  cullins  with  these  complexes  is 
mediated  through  the  C-terminal  amino  acids  that  form  the  cullin  homology  domain  (2d). 
HVACM  may  also  associate  with  other  proteins  as  a  necessary  prerequisite  for  its  functions  m 
this  enzymatic  capacity.  Whether  cullins  provide  substrate  specificity  or  enzymatic  activity  to 
these  ubiquitin  ligase  complexes,  or  are  merely  scaffold  proteins  for  these  complexes,  is  not 
clearly  understood  (26) .  The  fact  that  several  cullin  subtypes  exist  in  humans  suggests  that  the 
cullin  proteins  may  serve  tissue-  or  hormone-specific  regulatory  roles  (39). 

The  ability  of  VACM-1  to  specifically  bind  to  AVP  suggests  that  this  hormone  may 
affect  the  function  of  of  VACM-l/HVACM.  The  potential  regulatory  role  of  AVP  in  the 
physiology  and  function  of  HVACM  warrants  further  investigation. 
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transcription  polymerase  chain  reaction;  PKA,  protein  kinase  A;  PKC,  protein  kinase  C;  ORF, 
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FIGURE  LEGENDS 

FIG.  1.  RT-PCR  for  VACM-1  from  NCI-H146  total  RNA.  Primers  use  for  PCR.  lane  1, 
1432/2082,  lane  2;  156/325. 

FIG.  2.  Northern  blot  analysis  of  VACM-1  messenger  RNA  from  NCI-H146  total  RNA  (20  ug). 


FIG.  3.  Predicted  open  reading  frame  nucleotide  sequence  of  HVACM  cloned  from  NCI-H 146. 
The  putative  amino  acid  sequence  is  also  shown. 

FIG.  4.  Hydrophobicity  profile  of  HVACM.  Protein  hydrophobicity  was  calculated  using  the 
algorithm  of  Kyte  and  Doolittle  (32).  The  vertical  axis  represents  hydrophobicity  for  HVACM 
amino  acids,  which  are  represented  by  the  horizontal  axis. 


HO.  5.  Total  inositol  phosphate  analysis  of  NCI-H  146  following  stimulation  with  lOOOnM  AVP ' 
over  30  minutes.  Data  are  presented  as  the  ratio  of  control  (unstimulated)  values  of  [3H]tnositol 

counts  per  minute,  +/-  S.E.  (n=5). 

FIG.  6.  Intracellular  calcium  analysis  of  FURA-2AM-loaded  NCI-H146  cells.  Stimulation  with 
(a)  lOOOnM  AVP,  (b)  Via  agonist,  (c)  Vlb  agonist,  (d)  lOOOnM  AVP  minus  extracellular 
calcium,  (e)  lOOOnM  AVP  plus  pre-incubation  with  lOOuM  TMB-8. 
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INTRODUCTION 


In  1969,  Pierce  introduced  the  APUD  concept  to  explain  simultaneous  expression  of  many 
neuropeptides  by  cells  of  the  central  nervous  system  (CNS),  gastro-entero-pancreatic  system 
(GEPS),  thyroid  gland,  and  reproductive  system,  as  well  as  by  'neuroendocrine'  tumors  such  as 
small-cell  lung  cancer  (SCLC).  In  his  proposal,  non-neuronal  peptide-producing  cells  were 
believed  to  originate  as  amine-producing  cells  of  the  embryonic  neural  crest.  Some  of  these  cells 
were  alleged  to  migrate  to  different  sites  during  development  and  later  become  small  pockets  of 
peptide-producing  cells  imbedded  in  different  organs.  APUD  stands  for  Amine  Precursor 
Uptake  and  Decarboxylation  and  refers  to  the  capacity  of  amine-producing  cells  to  take  up 
tyrosine,  dopa,  and  tryptophan  and  convert  them  into  amine  transmitters.  The  significance  of  this 
hypothesis  to  the  field  of  cancer  research  is  that  it  seeks  to  define  peptide-producing  tumors  as 
coming  from  preexisting  'neuroendocrine'  (neural  crest-derived)  cells  of  respective  organs  through 
a  process  of  mutagenesis.  Gastrinomas  are  therefore  seen  as  transformed  gastrin-producing 
'neuroendocrine  cells',  and  small-cell  lung  cancer  as  arising  through  the  transformation  of 
'neuroendocrine'  cells  within  the  pulmonary  epithelium.  Perhaps  of  more  significance  to  the 
subject  under  review,  the  APUD  concept  informs  us  that  expression  of  peptides,  and  more 
particularly  of  vasopressin,  is  a  pre-oncogenic  condition  that  does  not  primarily  relate  to  the 
dynamics  of  the  tumor  with  regard  to  properties  such  as  growth,  metastasis,  and  survival.  A 
discovery  that  peptides  can  promote  tumor  growth  would  then  be  interpreted  as  a  secondary 
adaptation  by  the  tumor  to  utilize  pre-existing  properties  towards  continued  independence  and 
survival.  However,  the  transformation  of  pulmonary  neuroendocrine  cells  into  small-cell  lung 
carcinoma  cells  has  yet  to  be  demonstrated.  Additionally/many  genetic  abnormalities  of  cancer 
cells  seem  to  be  present  in  normal  cells  that  surround  them  (Gazdar,  1994;  Gazdar  and  Minna, 
1999),  and  we  have  been  unable  to  demonstrate  that  these  normal  cells  express  peptides  such  as 
vasopressin.  The  APUD  concept  also  does  not  explain  the  capacity  of  small-cell  tumors  to 
simultaneously  express  many  neuropeptides  as  well  as  their  receptors.  While  there  has  been  a 
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growing  disenchantment  among  cancer  researchers  and  endocrinologists  with  the  APUD  concept 
as  it  applies  to  tumors,  it  continues  to  be  a  focus  for  interpretation,  like  the  proverbial  “pink 
elephant”  of  alchemy. 

As  an  alternative  to  the  APUD  concept,  a  very  different  and  new  concept  in  now  advanced 
by  this  author  that  peptide-producing  tumors  do  not  originate  from  'neuroendocrine'  cells,  but  that 
expression  of  a  particular  peptide  (e.g.  vasopressin,  bombesin,  VIP)  gene  is  part  of  a  special 
process  of  oncogenic  differentiation  representing  one  important  part  of  the  selective  transformation 
of  cells  towards  maximizing  survival  and  growth.  This  is  defined  as  the  STEPS  (  Selective 
Tumor  gene  Expression  of  Peptides  essential  for  Survival)  concept.  Support  for  this  STEPS 
concept  includes  the  finding  that  unlike  many  neuroendocrine  cells,  peptide-producing  tumors  not 
only  express  peptide  genes,  but  also  express  the  genes  for  the  receptors  through  which  these 
peptides  are  known  to  influence  tumor  growth  and  mobility.  This  combined  expression  of  peptide 
gene  and  receptor  gene(s)  is  the  now  generally  recognized  ’autocrine  growth  loop  of  these  tumors. 
Additionally,  it  is  quite  likely  that  a  single  tumor  cell  expresses  genes  for  multiple  peptides,  and 
therefore  genes  for  multiple  receptors  for  each  of  these  peptides.  Apparently  there  is  some 
advantage  for  these  tumors  to  produce  smaller  amounts  of  many  peptide  growth  factors  rather  than 
a  large  amount  of  one  single  peptide  growth-modulating  agent.  Perhaps  this  property  provides  a 
further  survival  advantage  to  the  tumor  as  it  conforms  to  the  general  pattern  of  growth  promotion 
within  multicellular  organisms,  i.e.  many  factors  (peptides  and  steroids)  acting  interdependently 
over  time  to  achieve  the  goal  of  growth. 
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WHAT  ARE  THE  CLINICAL  SIGNS  OF  VASOPRESSIN  GENE  EXPRESSION 
BY  TUMORS  AND  WHAT  LESSONS  DO  THEY  PROVIDE 


Tumor  production  of  vasopressin  in  patients  has  long  been  thought  to  be  autonomous 
implying  unregulated  or  poorly  regulated  gene  expression,  and  this  seems  to  be  in  marked  contrast 
to  the  rather  strictly  controlled  and  regulated  production  of  this  peptide  by  hypothalamic  neurons 
that  takes  place  under  normal  physiological  conditions.  Arginine  vasopressin  is  the  antidiuretic 
hormone  in  man  and  as  such  is  an  important  principle  for  controlling  fluid  and  electrolyte  balance 
chiefly  through  the  recovery  of  water  from  the  kidneys  (Van  den  Valden,  1913).  Gene  expression 
as  well  as  release  of  vasopressin  is  regulated  through  hypothalamic  osmoreceptors  that  sense 
plasma  osmolality,  and  through  volume  receptors  and  baroreceptors  that  sense  blood  volume  and 
pressure  (Vemey,  1947;  Poulain,  1983;  Sladek,  1983;).  Osmotic  stimulation  of  vasopressinergic 
neurons  appears  to  involve  cholinergic  innervation  with  activation  of  nicotinic  receptors  and 
possibly  also  the  actions  of  angiotensin  II  through  one  of  its  receptors.  A  negative  feedback  control 
of  these  neurons  via  volume  receptors  and  baroreceptors  seems  to  require  the  transmitter 
norepinephrine  (Sladek,  1983). 

The  clinical  symptoms  in  patients  that  point  to  the  ectopic  production  of  vasopressin  by  a 
tumor  became  known  as  the  syndrome  of  inappropriate  secretion  of  antidiuretic  hormone 
(SIADH)  through  the  work  of  Bartter  and  Schwartz  in  1967.  SIADH  refers  to  a  condition  of 
hyponatremia  and  comparatively  high  urine  osmolality,  consistent  with  excessive  retention  of  water 
by  individuals  with  these  tumors.  The  condition  was  originally  associated  with  small-cell  lung 
cancer,  but  has  now  been  reported  for  breast  cancer,  ovarian  cancer,  prostatic  cancer,  and  head  and 
neck  cancer  (Kimura  et  al.,  1986;  Osterman  et  al.,  1986;  Hellstrom  et  al.,  1991;  Kavanagh  et  al., 
1992;  Talmi  et  al.,  1996;  Ferlito  et  al.,  1997;  Friedmann  and  North,  unpublished  data  ).  While  the 
inappropriately  high  circulating  levels  of  vasopressin  in  these  patients  (North,  1991;  Johnson  et 
al.,  1997)  does  not  necessarily  mean  that  tumor  production  of  peptide  is  autonomous,  or  non- 
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controlled,  it  nevertheless  indicates  production  is  not  tightly  regulated  as  occurs  with  vasopressin 
of  hypothalamic  origin. 

The  induction  of  SIADH  shows  that  at  least  some  reasonable  percentage  of  the  material 
being  produced  by  the  tumors  ends  up  in  a  biologically  active  form  (Sawyer,  1967),  even  though 
the  clinical  condition  might  not  be  entirely  due  to  elevated  vasopressin  (North,  1991;  North  et  al., 
1993ab).  This  then  implies  that  tumors  not  only  express  the  gene  for  vasopressin,  but  also  genes 
for  all  of  the  processing  enzymes  necessary  for  generating  active  hormone  from  provasopressin, 
and  seemingly  all  of  the  machinery  necessary  for  moving  translated  protein  into  secretory  vesicles 
for  transport  to  the  plasma  membrane  where  products  are  exocytosed.  The  processing  of 
provasopressin  in  neurons  is  known  to  involve  at  least  five  enzymes  (North,  1987):  one  or  two 
prohormone  convertases  (certainly  PC  2  and  possibly  PC  1/3)  that  liberate  a  dodecapeptide  from 
the  prohormone  leaving  behind  a  glycosylated  proneurophysin  (Zhou  and  Mains,  1994;  Scopsi  et 
al.,  1995;  North  et  al.,  1982),  one  or  two  carboxypeptidases  (CPE  as  a  major  influence  and 
possibly  a  CPD  as  a  minor  influence)  in  removing  two  basic  residues  from  the  liberated 
dodecapeptide  to  form  a  decapeptide  (Song  and  Fricker,  1995a,  1995b),  a  peptidylglycine  a- 
amidating  monooxygenase  (PAM)  enzyme  first  described  by  Bradbury  et  al.  (1982)  and  later 
extensively  studied  by  Eipper  and  co workers  (Husten  and  Eiper,  1991)  that  removes  and  converts 
a  C-terminal  glycine  residue  of  the  decapeptide  to  glyoxylic  acid  while  adding  an  amide  to  complete 
the  vasopressin  nonapeptide,  and  a  renin-like  enzyme  originally  described  by  us  and  called 
proneurophysinase  that  splits  proneurophysin  into  vasopressin-associated  neurophysin  and 
vasopressin-associated  glycopeptide  and  is  also  responsible  for  generating  different  metabolic 
forms  of  neurophysins  (North  et  al.,  1977,  1980,  1982,  1983). 

Data  from  the  study  of  plasma  vasopressin  and  neurophysins  in  patients  with  cancer 
(North,  1991)  point  to  vasopressin-production  being  a  fixed  and  poorly  regulated  characteristic  of 
tumors,  and  one  not  even  being  markedly  influenced  by  changes  of  cells  to  more  drug-resistant 
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forms,  such  as  those  associated  with  the  generation  of  variant  small-cell  lung  cancer  from  classical 
small-cell  lung  cancer  (Carney  et  al.,  1985).  This  has  led  us  to  adopt  the  saying,  "once  a 
vasopressin  producer  always  a  vasopressin  producer",  although  we  recognize  that  the  major  end- 
products  of  vasopressin  gene  expression  in  these  tumors  might  not  always  be  biologically  effective 
hormone.  By  measuring  the  levels  of  circulating  vasopressin  or  neurophysin  in  any  one  patient  , 
with  localized  or  metastatic  disease,  it  is  therefore  possible  to  obtain  information  about  changes  in 
tumor  size.  A  fall  in  elevated  levels  seems  to  be  correlated  with  a  positive  response  to  treatment, 
and  a  continuous  rise  to  progressive  disease.  A  rise  in  plasma  hormone/neurophysin  levels  from 
those  occurring  during  remission  appears  to  forecast  recurrent  disease  (North  et  al.,  1980;  North, 
1991).  If  these  data  are  further  substantiated  by  future  studies,  it  is  very  likely  that  in  patients  gene 
expression  for  the  production  and  secretion  of  vasopressin  gene-related  products  by  tumors  is 
chiefly  unregulated  with  any  regulation  being  restricted  to  a  fine  tuning  of  output,  rather  than 
representing  a  major  variable  in  the  appearance  of  these  substances. 

WHAT  TYPES  OF  CANCER  EXPRESS  THE  VASOPRESSIN  GENE 

Originally  only  small-cell  (oat-Cell)  carcinoma  and  carcinoids  were  recognized  as  having 
'neuroendocrine'  properties  that  included  the  production  of  a  variety  of  peptides  and  the  formation 
of  secretory  vesicles  wherein  such  peptides  were  presumably  processed  (Beardwell,  1972; 
Sawyer,  1967;  Hamilton  et  al,  1972, 1975;  Legros,  1973;  Cuttita  et  al.,  1985;  Gewitz  and  Yalow, 
1974;  Getjer  et  al.,  1990;  Rees,  1975;  Whitlaw,  1969).  However,  this  is  a  property  now  known  to 
be  shared  by  many  tumors.  Vasopressin  has  also  been  shown  to  be  produced  by  prostatic  and 
testicular  tumors,  ovarian  cancer,  pancreatic  cancer  (North  et  al.,  1983a;  Maurer  et  al.,  1983; 
Friedmann  et  al.,  1992)  pituitary  adenomas  (Kimura  et  al.,  1986)  and  gangliogliomas  (Fehn  et  al., 
1998),  an  olfactory  neuroblastoma  (Osterman  et  al.,  1986),  breast  and  colon  tumors  (Hellstrom  et 
al.,  1990;  North  et  al,  1993b),  a  nasopharyngeal  carcinoma  (Kavanagh  et  al.,  1992),  cancer  of  the 
head  and  neck  (Talmi  et  al.,  1996;  Ferlito  et  al.,  1997)),  pheochromocytoma  (Grazzini,  1999)  and 
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tumors  of  gastrointestinal  origin  (Friedmann  and  North,  unpublished).  However,  only  a  very 
small  percentage  of  squamous-cell  carcinomas,  adenocarcinomas,  and  large-cell  carcinomas  of  the 
lung  seem  to  produce  vasopressin  (North  et  al.,  1983a;  Maurer  et  al.,  1983,  Friedman  et  al . , 
1993).  This  selective  high  expression  of  vasopressin  by  small-cell  tumors  among  lung  cancers  is 
the  subject  of  discussion  later  in  this  review. 

INCIDENCE  OF  VASOPRESSIN  GENE  EXPRESSION  BY  SMALL-CELL  LUNG 

CANCER  AND  BREAST  CANCER 

Expression  of  the  vasopressin  gene  appears  to  be  a  universal  feature  of  both  small-cell  lung 
cancer  and  breast  cancer  (Friedmann  et  al.,  1993;  North  et  al.,  1993abc;  1995).  We  have  now 
demonstrated  this  to  our  satisfaction  using  a  combination  of  immunohistochemistry,  Western 
analysis,  RIA,  and  RT-PCR  with  sequencing  confirmation.  This  gene  expression  is  shared  by 
both  primary  and  metastatic  forms  of  these  diseases  and  all  evidence  points  to  expression 
continuing  throughout  the  lifetime  of  each  tumor.  Alternatively,  expression  of  some  other 
'neuroendocrine'  markers  (Pinson  et  al.,  1997)  can  be  lost  in  small-cell  lung  cancer,  particularly 
when  the  tumors  dedifferentiate  from  classical  to  drug-resistant  variant  forms  (Aisner  et  al.,  1990; 
Gazda,  1994). 

Small-cell  lung  Cancer 

Immunohistochemical  evaluation  of  small-cell  lung  cancer  using  four  preparations  of 
antibodies  directed  against  different  regions  of  the  vasopressin  precursor  (  Figure  1),  was 
performed  on  24  pathologically  documented  small-cell  tumors.  Of  the  antibodies  used:  one 
preparation  of  rabbit  polyclonal  antibodies  recognizes  the  vasopressin  (VP)  moiety  of 
provasopressin;  another  polyclonal  antibody  preparation  recognizes  a  decapeptide  sequence 
encompassing  the  tripeptide  bridging  structure  (Pro VP)  of  the  precursor  protein;  an  affinity 
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purified  IgG2a  monoclonal  antibody  (NAbl)  recognizes  an  N-terminal  region  of  the  neurophysin 
(NP)  moiety;  and  a  preparation  of  polyclonal  antibodies  recognizes  components  in  the  C-terminal 
region  (18  aa)  of  vasopressin-associated  glycopeptide  (VAG).  These  regions  of  the  vasopressin 
precursor  represent  exon  A  (VP  and  Pro  VP),  exon  B  (NP),  and  exon  C  (VAG)  of  the  three-exon 
vasopressin  gene. 

All  24  of  24  tumors  (100%)  gave  positive  staining  with  antiVP  and  antiProVP;  16  of  the  24 
tumors  (67%)  were  immunoreactive  with  all  four  antibodies;  19  of  the  24  tumors  (79%)  were 
immunoreactive  with  antiNP;  and  20  of  the  24  tumors  (84%)  were  immunoreactive  antiVAG 
(Table  1).  Since,  with  respect  to  antiVPs  and  antiProVPs,  100%  of  the  24  tumors  examined  were 
positive  by  this  technique  for  the  expression  of  the  vasopressin  gene,  then  using  95%  confidence 
limits,  there  is  a  positivity  rate  of  greater  than  87%  that  all  small-cell  lung  cancers  express  this 
gene. 


Tumors  initially  found  to  lack  immunoreactivity  with  NAblin  immunohistochemistry,  were 
later  demonstrated  to  give  positive  staining  with  polyclonal  IgG2b  antibodies  raised  against 
vasopressin- associated  human  neurophysin  (VP-HNP).  Moreover,  Western  analysis  (using  all  of 
the  above  antibodies  including  Nabl)  performed  on  acid  extracts  from  an  additional  six  small-cell 
tumors,  from  nine  cell-lines  derived  from  classical  and  variant  small-cell  lung  cancer  (UMC5, 
UMC19,  UMC31,  NCI  H69,  NCI  H82,  NCI  H146,  NCI  H345,  NCI  H446,  DMS  53),  and  from 
mouse  tumor  xenografts  generated  from  three  of  these  cell-lines,  revealed  the  presence  of 
prominent  immunoreactive  proteins  at  10  KDa,  20  KDa  and  40-45  KDa,  and  minor  ones  at  32 
KDa  and  30  KDa  in  all  cases.  Therefore  Western  analysis  provides  additional  evidence  for 
universal  vasopressin  gene  expression  by  small-cell  lung  cancer. 

RIAs  for  VP  and  VP-HNP  (North,  1991),  and  for  VAG  (North,  unpublished),  conducted 
on  plasma  from  patients  with  small-cell  lung  cancer  support  the  conclusion  that  at  least  the  vast 
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majority  of  these  cancers  express  the  vasopressin  gene.  They  clearly  show  that  vasopressin  gene- 
related  products  are  secreted  by  most  small-cell  lung  cancers.  When  used  in  combination,  our  data 
suggest  plasma  assays  for  VP,  VP-HNP,  and  VAG  can  be  used  to  monitor  treatments  in  most 
patients  (>70%),  because  one  or  more  of  the  substances  is  elevated  (>3  times)  in  pretherapy 
samples.  We  have  shown  that  remission  is  accompanied  by  a  fall  in  elevated  plasma  levels,  and 
recurrence  by  a  rise.  Therefore,  all  of  the  data  support  the  conclusion  that  vasopressin  gene-related 
products  (VP,  VP-HNP,  VAG,  Pro  VP)  can  be  regarded  as  universal  lineage  markers  for  small-cell 
lung  cancer. 

Breast  Cancer 

To  determine  expression  in  breast  cancer,  immunohistochemistry  has  been  performed  on 
23  of  these  cancers  representing  a  variety  of  tumor  subtypes  using  the  same  antibody  regimen 
directed  against  different  moieties  of  the  vasopressin  precursor  structure  and  indicated  in  Figure  1 . 
Western  Blot  analysis  was  performed  on  protein  extracts  from  an  additional  12  breast  tumors. 

As  shown  in  Table  2,  while  VP-related  proteins  were  not  detected  in  normal  breast  tissues, 
immunohistochemistry  revealed  the  presence  of  VP,  ProVP,  and  VAG  in  the  cells  of  all  tumor 
tissues  examined.  However,  VP-HNP  was  evident  in  only  one  of  19  tumors  examined. 

Western  blot  analysis  for  all  12  fresh-frozen  tumor  samples  examined  showed  the  presence 
of  two  prominent  proteins  of  42  KDa  and  20  KDa,  that  were  both  immunoreactive  with,  not  only 
antibodies  against  VP  and  VAG,  but  also  those  against  VP-HNP  (insufficient  anti-Pro VP  was 
available  for  use  in  this  manner).  We  believe  this  positive  reaction  with  anti- VP-HNP  compared 
with  negative  immunostaining  is  due  to  decreased  demands  on  structural  stringency  of  the  Western 
analysis  technique,  and  is  suggests  one  or  a  limited  number  of  substitutions  could  have  occurred 
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in  the  neurophysin  moiety  of  breast  cancer  vasopressin  precursor.  The  vasopressin  precursor  of 
hypothalamic  tissues  is  20  KDa  in  size. 

Our  findings  provide  evidence  that  the  vasopressin  gene  is  expressed  as  a  selective  feature 
of  all  breast  cancers.  This  expression  apparently  gives  rise  to  an  abnormally  large  vasopressin- 
related  protein(s),  and  one  protein  of  a  size  compatible  with  it  being  the  normal  prohormone, 
possibly  containing  one  or  more  modifications  in  the  neurophysin  region  to  make  it  less 
immunoreactive  with  anti-VP-HNP. 

Breast  Fibrocystic  Disease 

In  order  to  examine  if  vasopressin  gene  expression  was  a  possible  predictor  of  disease,  we 
performed  a  survey  of  the  incidence  of  vasopressin  gene  expression  in  breast  fibrocystic  disease 
(Fay  et  al.,  1999).  In  this  study,  we  used  immunohistochemistry  and  antibodies  against 
vasopressin  (ant- VP)  and  vasopressin-associated  glycopeptide  (anti-VAG)  to  examine  formalin- 
fixed  biopsy  specimens  taken  from  17  patients  with  various  forms  of  benign  breast  disease,  who 
were  seen  at  Dartmouth  Hitchcock  Medical  Center  between  1975  and  1984.  These  specimens  were 
selected  without  any  knowledge  of  follow-up,  and  included  4  cases  of  atypical  ductal  hyperplasia, 
6  cases  of  fibrocystic  disease  with  intraductal  hyperplasia,  2  cases  of  fibrocystic  disease  with 
papilloma,  1  case  of  fibrocystic  disease  with  bilateral  mammary  hyperplasia,  and  4  cases  of  typical 
fibrocystic  disease.  Diagnosis  from  pathology  reports  was  confirmed  by  examining  hematoxylin- 
and  eosin-stained  sections.  The  results  of  these  studies  are  illustrated  in  Table  3,  and  demonstrate 
that  in  all  cases  of  benign  breast  disease  examined  there  was  negative  staining  for  both  vasopressin 
and  vasopressin-associated  glycopeptide.  They  indicate  that  the  vasopressin  gene  is  not  expressed 
in  benign  breast  disease,  and  this  is  in  dramatic  contrast  to  what  was  found  for  human  breast 
carcinoma  using  these  same  antibodies  (Table  2).  At  the  completion  of  the  study,  it  was 
discovered  that  one  of  the  individuals  with  benign  breast  disease  went  on  to  develop  breast 
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carcinoma,  and  another  was  in  remission  from  breast  cancer.  Although  preliminary,  these  data 
taken  together  with  findings  for  breast  cancer  indicate  that  (i)  expression  of  the  vasopressin  gene  is 

not  a  marker  of  cellular  proliferation  in  the  breast,  (ii)  expression  of  the  vasopressin  gene  is 

« 

associated  with  the  process  of  carcinogenesis,  and  (iii)  expression  of  the  vasopressin  gene  is  not  a 
marker  of  precancerous  cells  in  benign  breast  disease. 

Non-Small-Cell  Lung  Cancer 

In  contrast  to  the  universal  nature  of  vasopressin  expression  by  small-cell  lung  cancer  and 
breast  cancer,  immunohistochemical  screening  by  us  of  a  lung  tumor  library  with  the  above 
antibodies  directed  against  different  regions  of  provasopressin  has  now  confirmed  earlier  claims 
(Friedmann,  1993)  that  there  is  a  low  incidence  (6%)  of  vasopressin  gene  expression  by  the  'non- 
endocrine'  lung  carcinomas  (NSCCL)  constituting  about  three-quarters  of  all  lung  cancer  and 
represented  by  squamous  cell  carcinoma,  adenocarcinoma,  and  large-cell  carcinoma.  A  possible 
explanation  for  this  selective  expression  has  recently  been  advanced  by  Coulson  and  coworkers 
(1999).  These  investigators  describe  a  199  bp  segment  of  the  vasopressin  gene  promotor  (-157  to 
442)  that  selectively  directs  up  to  a  5-fold  higher  expression  of  the  vasopressin  gene  in  small-cell 
lung  cancer,  with  a  minimal  65  bp  portion  of  this  region  responsible  for  basal  specific  activity. 

WHAT  IS  THE  NATURE  OF  THE  VASOPRESSIN  GENE  AND  GENE 
PRODUCTS  IN  CANCER  CELLS 

Vasopressin  generated  by  cancer  cells  seems  to  arise  from  a  normal  vasopressin  gene. 
Sequencing  of  genomic  DNA  from  NCI  H82  small-cell  carcinoma  cells  carried  out  in  our 
laboratory  (North  and  Du,  unpublished)  from  914  bases  upstream  of  the  transcription  start  site  to 
92  bases  beyond  the  3'  end  site  shows  the  presence  of  one  gene  that  is  structurally  normal 
throughout  its  three  exons  and  two  introns,  and  throughout  the  upstream  promoter  region  first 
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extensively  characterized  for  a  case  of  human  central  diabetes  insipidus  by  Bahnsen  and  coworkers 
(1992).  These  researchers  referred  to  the  1.2  Kb  of  promoter  plus  an  accompanying  abnormal  gene 
possessing  a  single  base  substitution  as  the  mutant  coseg  gene  because  it  cosegregated  with  a 
condition  of  central  diabetes  insipidus.  Contrary  to  our  findings,  a  vasopressin  gene  with  a 
polymorphism  in  the  nucleic  acid  sequence  encoding  the  signal  peptide  region  of  pre¬ 
provasopressin  has  been  reported  by  others  for  one  small-cell  lung  cancer  cell  line.  This  leads  to  a 
variant  signal  peptide  with  Pro  substituted  for  Leu  in  position  11  of  the  protein.  However  this 
polymorphism  seems  to  be  an  isolated  case  rather  than  a  common  finding  for  small-cell  carcinoma 
(Shoji  et  al.,  1997). 

Cancer  cells  have  been  noted  to  generate  some  unusual  vasopressin  gene-related  proteins 
(North  et  al.,  1983a;  Rosenbaum  et  al.,  1989;  North  et  al.,  1993c),  and  we  have  been  interested  to 
discover  if  these  proteins  can  be  accounted  for  by  abnormal  mRNAs  being  transcribed  from  the 
vasopressin  gene  of  these  cells.  Extensive  RT-PCR  ,  cloning,  and  sequencing  studies  were 
therefore  performed  by  us  employing  eleven  different  primers.  While  some  abnormal  mRNAs 
were  found,  it  is  perhaps  more  significant  to  note  that  all  of  the  cell  lines  studied  contained 
vasopressin  mRNA  structurally  identical  to  hypothalamic  mRNA.  Our  completed  sequencing  of  the 
two  normal-sized  VPmRNAs  from  NCI  H82  small-cell  lung  cancer  cells  has  shown  while  one  of 
these  has  sequence  identity  to  the  VPmRNA  found  in  hypothalamic  neurons  (Mohr  et  al.,  1985),  a 
second  (Genebank  Acc.  No.  AF031476)  has  a  single  base  change  (G  to  A)  in  the  Exon  B  region, 
giving  rise  to  a  single  amino  acid  substitution  at  position  29  of  the  provasopressin  structure  (Gly  to 
Asp).  This  base  substitution  seems  to  arise  as  an  error  of  transcription  because  repeated  genomic 
DNA  sequencing  has  failed  to  turn  up  a  base  substitution  in  this  region.  The  position  of  this  base 
change  is  particularly  interesting  because  it  occurs  in  the  same  position  as  a  genetic  point  mutation 
in  humans  with  inherited  central  diabetes  insipidus  (Mohr  et  al.,  1985,  Bahnsen  et  al.,  1992),  and 
in  the  same  position  where  a  genetic  point  difference  occurs  in  some  vertebrate  species  (Heierhorst 
et  al.,  1990). 
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Some  tumor  vasopressin  mRNAs  were  encountered  that  were  marginally  (70-100  bases) 
larger  than  normal  mRNA,  and  these  are  thought  to  be  the  products  of  alternative  splicing  (North  et 
alM  1993a).  More  recently,  we  were  able  to  show  for  the  first  time  a  very  enlarged  form  of 
vasopressin  mRNA  is  transcribed  by  NCI  H82  small-cell  lung  cancer  cells  and,  unlike  normal 
mRNA,  this  enlarged  form  contains  a  substantial  amount  (>715  bp)  of  the  upstream  promoter  of 
the  mutant  coseg  human  vasopressin  gene  (North  and  Du,  unpublished).  This  was  demonstrated 
through  RT-PCR  performed  on  poly(A)+RNA  using  a  forward  primer  located  within  the  promoter 
region  (coseg  gene  location  401-420)  and  a  reverse  primer  located  within  the  Exon  A  (coseg  gene 
location  1235-1255)  which  amplified  a  product  of  855  bp.  Cloning,  then  sequence  analysis  of  this 
product  showed  it  was  completely  identical  to  the  sequence  of  the  5'  non-translated  region  of  the 
mutant  coseg  gene  and  to  the  Exon  A  region  of  both  this  and  the  non-diabetic  (normal)  gene.  We 
have  entered  the  structure  of  this  enlarged  tumor  mRNA  into  the  Genebank  under  Accession  N o . 
AF031475.  We  have  not  yet  determined  a  total  size  for  this  tumor  mRNA,  nor  if  it  could  account 
for  some  or  any  of  the  abnormal  vasopressin  gene-related  proteins  produced  by  small-cell  lung 
cancer  cells. 

We  have  also  examined  the  possibility  that  cross-over  occurs  between  vasopressin  and 
oxytocin  genes  by  performing  RT-PCR  on  polyA+RNA  preparations  from  small-cell  lung  cancer 
and  breast  cancer  cells  with  mixed  primers  for  vasopressin  and  oxytocin  structures.  Morris  et  al. 
(1995)  were  able  to  show  such  cross-over  of  vasopressin  and  oxytocin  genes  can  occur  in 
hypothalamic  neurons,  and  our  studies  on  plasma  levels  of  hormones  and  neurophysins  for 
patients  with  small-cell  lung  cancer  (North,  1991)  suggested  this  as  a  possibility.  Using  this 
approach,  in  no  case  examined  were  we  able  to  demonstrate  any  evidence  that  cross-over  between 
these  two  genes  occurs  in  cancer  cells.  While  our  data  does  not  rule  out  that  such  cross-over  can 
occur  in  cancer  cells,  they  do  suggest  this  event  does  not  occur  with  a  high  frequency. 
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It  is  important  to  emphasize  that  some  of  protein  products  produced  by  all  cancer  cells 
examined  are  normal.  Tumor  produced  vasopressin  has  been  shown  to  have  anti-diuretic  activity, 
be  eluted  with  synthetic  peptide  from  HPLC  gradient  chromatography,  and  to  have  the  same 
electrophoretic  mobility  (Sawyer,  1967,  Klein  et  al.,  1969;  North  et  al.,  1983a;  North, 
unpublished).  Vasopressin-associated  human  neurophysin  (VP-HNP)  and  vasopressin-associated 
glycopeptide  (VAG)  of  sizes,  electrophoretic  mobilities,  having  antigenic  determinants,  and 
mobilities  on  HPLC  gradient  chromatography,  and  seemingly  identical  to  those  from  human 
posterior  pituitary  are  also  produced  by  cancer  cells  (North  et  al.,  1983a;  1991;  1993ab).  One  very 
prominent  form  of  protein  always  produced  seems  to  be  identical  to  20  KDa  provasopressin  of 
hypothalamic  neurons.  This  protein  reacts  with  antibodies  against  vasopressin,  VP-HNP,  VAG, 
and  the  bridging  region  between  vasopressin  and  neurophysin  in  provasopressin.  It  also  has  the 
same  mobility  in  gradient  HPLC  as  provasopressin  from  hypothalamic  neurons. 

Tumors  also  generate  abnormal  protein  products  .  These  products  have  molecular  sizes 
from  30  to  45  KDa,  and  when  isolated  through  immunoprecipitation  or  antibody-affinity 
chromatography,  react  with  antibodies  to  vasopressin,  VP-HNP,  and  VAG,  indicating  they  contain 
at  least  portions  of  the  structures  of  these  components  of  provasopressin.  They  do  not  seem  to  be 
the  products  of  associations  between  two  provasopressins  or  between  provasopressin  and  other 
proteins  because  SDS-electrophoretic  profiles  are  not  changed  with  reducing  agents.  Attempts  to 
obtain  N-terminal  sequence  data  by  Edman  degradation  for  these  proteins  have  so-far  been  largely 
unsuccessful  possibly  because  some  of  them  have  a  blocked  N-terminus.  Another  complication  in 
interpreting  the  nature  of  large  protein  forms  produced  by  cancer  cells  have  come  our  studies  using 
antibodies  to  HLA-class  1  protein.  The  studies  of  Geenan  et  al.  (1993)  point  out  that  thymus 
generated  proteins  of  approximately  40  KDa  contained  epitopes  of  neurophysin  and  of  the  HLA- 
class  1  heavy  chain  associated  with  p-globulin.  We  discovered  that  some  of  the  40  KDa  protein 
isolated  with  neurophysin  antibodies  from  NCI  H82  small-cell  lung  cancer  cells  reacted  with  a 
mouse  monoclonal  antibody  recognizing  HLA-class  1  protein.  When  40  KDa  protein  was  isolated 
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using  this  HLA-class  1  monoclonal  antibody  it  was  found  to  react  with  antibodies  to  vasopressin- 
associated  neurophysin,  and  Edman  degradation  performed  On  this  40  KDa  protein  isolated  with 
neurophysin  antibodies  revealed  an  N-terminal  sequence  from  the  HLA-class  1  protein  (North, 
unpublished).  It  is  therefore  conceivable  that  some  vasopressin-related  proteins  of  30-45  KDa  that 
are  produced  by  cancer  cells  constitute  a  mixture  of  products,  at  least  one  of  which  shares  some 
structural  features  with  the  HLA-class  1  protein. 

Most  of  these  vasopressin  gene-related  proteins,  both  20  KDa  and  30-45  KDa  proteins, 
become  components  of  the  plasma  membrane  of  cancer  cells,  and  we  have  named  these  membrane- 
associated  proteins,  neurophysin±elated  cell-surface  mtigen  ( NRSA )  in  small-cell  lung  cancer  and 
glycopeptide-related  cell-surface  mtigen  ( GRSA )  in  breast  cancer.  This  different  naming  applied  to 
the  products  of  small-cell  lung  cancer  and  breast  cancer  cells  reflects  our  inability  at  this  time  to 
determine  if  these  products  for  the  two  cancers  are  identical. 

GENES  FOR  PROCESSING  ENZYMES  ARE  EXPRESSED  IN  CANCER  CELLS 

Cancer  cells  appear  to  be  capable  of  expressing  those  enzymes  considered  essential  for  the 
intravesicular  processing  not  only  of  provasopressin,  but  also  of  most  other  proneuropeptides. 

The  cancer  cell  lines  NCI  H82,  NCI  H69,  MCF7  and  ZR-75-1  were  examined  for  the  expression 
of  mRNAs  for  the  processing  enzymes  carboxypeptidase  E  (CPE),  prohormone  convertases  PC2 
and  PCI  (or  PC3),  and  PAM,  using  RT-PCR,  cloning,  and  sequencing  (North  and  Du,  1998;  Du 
and  North,  1999). 

RT-PCR  studies  on  CPE  and  PAM  provided  amplified  products  of  the  size  predicted  from 
previously  published  studies  on  anterior  pituitary  cells  using  RNA  from  all  four  cell  lines.  These 
products  were  reamplified,  cloned  and  sequenced  to  provide  structures  identical  to  those  published 
for  these  enzymes.  In  studies  on  PC2  we  were  able  to  amplify  a  product  from  NCI  H69,  NCI 
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H82,  and  MCF7,  but  not  from  ZR-75.  We  then  investigated  if  mRNA  for  PCI/3  was  expressed  in 
cancer  cells  and  were  able  to  show  that  this  mRNA  was  expressed  in  both  small-cell  lung  cancer 
cell  lines  but  apparently  not  by  either  breast  cancer  cell  line.  However,  through  Northern  analysis 
and  immunohistochemistry,  other  investigators  (Scopi  et  al.,  1995;  Mibikay,  1997)  have 
demonstrated  that  several  other  prohormone  convertases  are  expressed  by  both  small-cell  lung 
cancer  and  breast  cancer  cells.  For  our  studies  we  were  able  to  confirm  RT-PCR  findings  through 
Western  analysis  of  proteins  using  antibodies  against  CPE,  PCI,  PC2,  and  PAM.  These 
antibodies  were  provided  to  us  through  the  generosity  of  Dr.  Lloyd  Flicker  of  Albert  Einstein 
Medical  School  (Song  and  Flicker,  1995a),  and  of  Drs.  Betty  Eiper  and  Richard  Mains  of  Johns 
Hopkins  (Husten  an  Eipper,  1991;  Zhou  and  Mains,  1994).  Additionally,  we  were  able  to 
demonstrate  proneurophysinase  activity  in  small-cell  lung  cancer  cells  (North,  unpublished).  Our 
results  therefore  show  at  least  some  cancer  cells  express  the  enzymes  necessary  for  processing 
provasopressin  to  active  hormone,  neurophysin,  and  glycopeptide.  This  finding  supports 
conclusions  expressed  above  that  a  failure  of  cancer  cells  to  process  a  significant  amount  of 
vasopressin  precursor  proteins  in  the  same  manner  as  central  neurons  is  probably  due  to 
differences  in  sub-cellular  packaging  rather  than  to  an  absence  of  any  of  the  enzymes  necessary  for 
processing. 

THE  NATURE  OF  SUBCELLULAR  TRAFFICKING  IN  CANCER  CELLS 

Very  little  is  known  about  the  manner  in  which  vasopressin  gene  products  are  processed 
in  cancer  cells.  While  small-cell  lung  cancer  cells  were  earlier  characterized  by  the  presence  of 
typical  'neurosecretory  vesicles'  associated  with  hypothalamic  production  of  vasopressin,  many  of 
these  tumors  have  very  few  of  these  vesicles  (North  et  al.,  1993ab).  In  an  electronmicroscopic 
study  of  NCI  H69  small-cell  lung  cancer  cells,  using  immunogold  labeling  with  our  NAbl 
monoclonal  antibody  to  VP-HNP,  Friedmann  (Friedmann  and  North,  unpublished)  demonstrated 
a  scant  cytoplasm  containing  mitochondria  but  lacking  significant  numbers  of  dense-core  granules. 
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Immunogold  labeling  was  evenly  scattered  throughout  this  cytoplasm,  with  some  localization  of 
particles  at  the  plasma  membrane.  This  finding  indicates  that,  at  least  for  this  cell  line,  most  post- 
translational  processing  of  provasopressin  is  outside  of  typical  secretory  granules. 

Sucrose-gradient  sub-fractionation  studies  performed  by  us  on  the  variant  small-cell  lung 
cancer  cell  line  NCI  H82  and  the  breast  cancer  cell  line  ZR-75,  with  evaluation  by  Western 
analysis  and  by  RIA  (VP,  VP-HNP,  VAG),  revealed  that  approximately  80%  of  both  the  20  KDa 
and  40  KDa  proteins  are  located  in  the  plasma  membranes  of  these  cells.  Of  the  remaining  20%, 
most  (90%)  is  found  outside  typical  secretory  granules,  and  approximately  10%  is  within  these 
granules.  The  procedures  employed  were  earlier  found  by  us  (North  et  al.,  1983b)  to  preserve 
granules  of  hypothalamic  neurons  from  the  rat  with  >90%  of  vasopressin  gene-related  products 
located  in  the  granular  fraction.  Hence,  either  the  granules  of  cancer  cells  are  more  susceptible  to 
rupture,  or  (as  is  more  likely)  only  a  small  percentage  of  translated  protein  is  processed  to  active 
hormone  within  these  granules  and  then  secreted.  It  implies  that  formation  of  secretory  granules  is 
limited  and  most  vasopressin-related  protein  in  SCCL  cells  is  destined  for  targeting  to  the  plasma 
membrane  through  vesicular  budding  from  Golgi  or  preGolgi  structures.  Both  20  KDa  and 
approximately  40  KDa  proteins  were  found  in  the  granular  fraction  of  NCI  H82  cells.  This 
indicates  that  structural  features  of  32-45  KDa  proteins  do  not  predestine  them  to  follow  a 
subcellular  route  different  from  that  followed  by  normal  provasopressin  in  these  cancer  cells. 

Provasopressin  has  a  single  site  for  N-glycosylation,  and  the  form  packaged  in  the  Golgi 
apparatus  contains  a  completed  carbohydrate  chain  of  approximately  3000  daltons  with  fucose 
addition  as  the  chain  termination  step.  The  32-45  KDa  proteins  also  contain  this  N-glycosylation 
site,  and  most  probably  a  similar  carbohydrate  side-chain.  Endoglycosidase  H  digestion  of  the  20 
KDa  and  32-45  KDa  proteins  of  NCI  H82  small-cell  lung  cancer  cells  only  marginally  altered  the 
molecular  sizes  of  these  proteins  in  Western  profiles  following  SDS-electrophoresis.  This  is  taken 
as  evidence  that  an  abnormally  large  carbohydrate  moiety  is  not  a  major  contributor  to  the 
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molecular  size  of  the  32-45  KDa  proteins  and  that  normal  trafficking  and  processing  between  the 
rough  and  smooth  endoplasmic  reticulum  is  available  for  translated  proteins  in  cancer  cells. 

In  order  to  properly  appraise  the  data  obtained  by  us  on  trafficking  in  long-term  cultures  of 
cancer  cells,  it  is  worth  noting  there  is  general  acknowledgement  by  researchers  in  this  field  of  a 
gradual  decrease  in  the  level  of  secretion  of  biologically  active  peptide  forms  with  length  of  time  in 
culture.  While  we  have  found  cells  in  short-term  culture  still  direct  much  of  their  protein  into  the 
plasma  membrane  and  these  protein  surface  antigens  are  available  on  tumors  in  patients  for 
targeting  with  antibodies  (North  et  al.,  1989;  1993abc),  it  is  very  possible  a  much  higher 
percentage  of  product  (i.e.  biologically  active  vasopressin),  than  the  1-2%  mentioned  above,  is 
secreted  by  tumors  in  patients. 


ALL  VASOPRESSIN  RECEPTOR  GENES  ARE  EXPRESSED  BY  CANCER 

CELLS 

We  have  recently  discovered  that  both  small-cell  lung  cancer  cells  and  breast  cancer  cells, 
not  only  express  the  vasopressin  gene,  but  also  express  genes  for  all  three  recognized  vasopressin 
receptors,  and  also  for  a  human  form  of  VACM  (HVACM,  human  vasopressin-activated  calcium 
mobilizing)  protein,  or  Cullin  5  (North  et  al.,  1998;  North  et  al.,1999;  Longo  et  al.,  1996).  It  had 
been  earlier  assumed  by  other  investigators  that  small-cell  lung  tumors  express  only  a  single 
vasopressin  receptor  subtype,  namely  the  V ia  receptor,  and  that  variant  forms  of  this  disease 
might  lose  the  capacity  to  produce  neuropeptide  growth  factors  (e.g.  vasopressin)  and/or  their 
receptors  to  explain  a  refractiveness  of  such  cells  to  induced  Ca-~  mobilization  (Bunn  et  al., 
1994).  Contrary  to  this  view,  we  determined  that,  at  the  mRNA  and  protein  levels,  in  an  addition 
to  the  three  vasopressin  receptors  plus  HVACM  protein,  an  abnormal  form  of  the  vasopressin  V2 
receptor  was  generated  in  both  types  of  cancer  cells.  Vasopressin  Via ,  V^, ,  and  V2  receptors  have 
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now  been  demonstrated  by  us  to  occur  in  classical  NCI  H345,  NCI  H69,  NCI  H146,  DMS-53, 
and  variant  NCI  H82  small-cell  lung  cancer  cells,  and  in  BT  549,  MCF-7,  MB-231,  T47D,  and 
ZR-75  breast  cancer  cells.  We  have  also  obtained  sequences  for  the  entire  reading  frame  (ORF)  of 
mRNAs  for  the  vasopressin  Via  receptor,  Vib  receptor,  and  V2  receptor  in  NCI  H345  and  NCI 
H82  small-cell  lung  cancer  cells  and  MCF-7  and  ZR-75  breast  cancer  cells.  These  sequences  have 
been  recorded  by  us  in  the  Genebank  under  Accession  No.  AF030625,  AF030512,  AF030626, 
and  AF032388.  The  sequences  obtained  for  vasopressin  Via  and  receptors  from  all  of  these 
four  cell  lines  were  identical  to  those  previously  described  for  non-cancer  cells  (Sugimoto  et  al., 
1994;  Thibonnier  et  al.,  1994;  Hirasawa  et  al.,  1994;  de  Keyzer  et  al.,  1994). 

Two  forms  of  vasopressin  V2  receptor  mRNAs  were  found  in  cancer  cells.  One  of  these 
had  a  sequence  identical  to  that  found  by  us  and  others  for  the  receptor  of  normal  human  tissues 
(Bimbaumer  et  al.,  1992;  Fay  et  al.,  1998).  The  other  was  an  enlarged  form  and  found  to  contain 
the  entire  106  bases  of  intron  2  in  addition  to  the  sequence  for  V2  receptor  mRNA.  Classical  small¬ 
cell  lung  cancer  cells  and  breast  cancer  cells  have  both  forms  of  vasopressin  V2  receptors,  but  only 
the  abnormal  form  was  found  to  be  present  in  variant  NCI  H82  small-cell  lung  cancer  cells. 
Inclusion  of  intron  2  introduces  a  stop  codon  into  the  reading  frame  and  therefore  the  abnormal 
vasopressin  V2  receptor  mRNA  is  predicted  to  give  rise  to  a  C-terminally  truncated  protein,  similar 
(but  not  identical)  to  that  found  in  inherited  nephrogenic  diabetes  insipidus  and  referred  to  as  the 
"Utah"  type  (Rosenthal,  1994).-  Both  proteins  lack  the  seventh  transmembrane  section  and 
carboxyl  tail  of  the  normal  receptor.  We  have  demonstrated  this,  and  the  other  vasopressin  receptor 
mRNAs  are  translated  into  proteins  by  cancer  cells  through  Western  analysis  using  specific 
antibodies  (North  et  al.,  1998;  North  et  al.,  1999).  The  entire  ORF  of  HVACM  has  been 
sequenced  by  us  for  NCI  H146  small-cell  lung  cancer  cells  and  placed  in  the  Genebank  under  the 
accession  number  of  AF017061  (Longo  et  al.,  1996). 
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The  above  finding  that  all  vasopressin  receptors  can  be  expressed  by  vasopressin- 
producing  cancer  cells  show  the  influences  vasopressin  (and  probably  other  peptide  mitogens) 
have  on  these  cells  are  likely  to  be  multifaceted,  and  highlight  a  certain  amount  of  naivete  that  has 
existed  about  the  role  peptides  play  in  tumor  growth  and  survival.  Chooi  et  al.  (1994)  were  able  to 
show  that  ectopic  vasopressin  promotes  the  growth  of  mammary  tumors  in  a  transgenic  animal 
model  of  the  disease.  Such  growth-promoting  actions  of  vasopressin  are  generally  thought  to  be 
exercised  through  Vi  receptors  (Bunn  et  al.,  1992).  Alternatively,  Taylor  et  al.  (1990)  reported  that 
treatment  with  the  peptide  can  also  produce  growth  inhibition  of  MCF-7  breast  cancer  cells.  We 
have  proposed  this  anti-growth  activity  of  vasopressin  is  exercised  through  V2  receptors  and  its 
capacity  to  activate  adenylate  cyclase  and  protein  kinase  A  and  raise  cellular  levels  of  cAMP  (North 
et  al.,  1998).  The  likelihood  of  this  is  strengthened  by  the  recent  studies  of  Cassoni  et  al.  (1998) 
who  have  shown  that  rises  in  cAMP,  they  attribute  to  oxytocin,  can  inhibit  growth  in  breast  cancer 
cells.  Although  the  abnormal  V2receptor  described  for  these  cancer  cells  is  not  expected  to  be  fully 
functional  (Sadeghi  et  al.,  1997),  it  may  serve  to  dampen  down,  or  finely  tune,  effects  registered 
through  normal  V2receptors  because  such  C-terminally  truncated  molecules  are  now  known  to 
serve  as  negative  regulators  through  formation  of  heterodimeric  complexes  with  wild- type  V2 
protein  (Zhu  and  Wess,  1998). 


WHAT  ARE  THE  INFLUENCES  OF  VASOPRESSIN  ON  CANCER  CELL 

GROWTH 

The  influence  that  vasopressin,  over  the  concentration  range  from  0.001  pM  to  10  pM,  has 
on  intracellular  free-Ca+2  concentrations  in  classical  SCCL  tumor  cells  (NCI  H345,  NCI  H146)) 
and  variant  SCCL  tumor  cells  (NCI  H82)  has  been  investigated  by  us.  Data  was  obtained  from 
studies  conducted  with  the  fluorophore  Indo-1  AM  on  a  Facstar  flow  cytofluorometer.  A  graded 
increase  in  intracellular  free  Ca+2  was  seen  with  vasopressin  concentrations  from  0.01  to  1.0  pM 
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in  NCI  H345  and  NCI  H146  (classical)  cells,  but  the  NCI  H82  cells  do  not  respond  to 
concentrations  of  the  peptide  as  high  as  10  nM.  The  calcium  changes  recorded  in  these 
experiments  were  found  to  represent  release  of  the  ion  from  intracellular  stores.  This  is  generally 
believed  to  be  due  to  the  action  of  IP3  on  IP3  receptors.  The  method  of  Berridge  et  al.(1983)  was 
employed  to  examine  generation  of  IP3  in  classical  (NCI  H146)  and  variant  (NCI  H82)  SCCL 
cells  in  response  to  vasopressin  (1.0  |jM).  For  NCI  H82  cells,  a  significant  increase  in  IP3 
occurred  following  vasopressin  treatment.  Since  this  increase  is  similar  in  magnitude  to  that 
reported  by  others  for  different  substances  acting  through  the  IP3/PKC  cascade,  we  initially 
concluded  that  the  absence  of  an  accompanying  Ca+-  effect  in  NCI  H82  might  be  due  to  the 
presence  of  an  abnormal  IP3  receptor.  However,  no  significant  effect  on  IP3  levels  by  vasopressin 

was  seen  in  NCI  H146  cells,  where  significance  rises  in  free-Ca+2  were  recorded.  These  results, 
taken  together,  then  suggest  that  IP3  generation  and  calcium  mobilization  can  be  independent  and 
non-associated  events  in  SCCL  cells,  at  least  as  they  apply  to  the  influence  of  vasopressin.  They 
imply  the  mitogenic  influence  of  vasopressin  on  SCCL  might  be  exercised  through  transduction 
cascades  other  than  those  involving  nycalcium. 

Taylor  et  al.(1990)  have  previously  demonstrated  that  vasopressin  is  capable  of  stimulating 
the  growth  of  MCF7  cells  in  vitro,  and  Chooi  et  al.(1994)  have  shown  that  vasopressin  stimulates 
breast  cancer  growth  in  vivo.  However,  the  mechanism  through  which  vasopressin  is  exerting  this 
effect,  and  the  receptors  involved,  remain  uncharacterized.  One  common  pathway  for  growth 
factor  action  is  stimulation  of  the  mitogen  activated  protein  kinase  (MAPK)  cascade.  Activation  of 
MAP  kinase  occurs  through  phosphorylation  by  MAPKK  of  a  tyrosine,  then  a  threonine,  on- 
MAPK.  Using  commercial  antibodies  against  phosphotyrosyl  MAPK  and  Western  analysis,  we 
performed  an  investigation  of  vasopressin  activation  of  MAPK  in  MCF7  cells.  Our  results  clearly 
show  that  vasopressin,  and  a  specific  vasopressin  VI  agonist,  induce  a  significant  increase  in 
phosphotyrosyl  MAPK.  They  therefore  indicate  that  vasopressin  is  inducing  signaling  events  in 
breast  cancer  cells  that  could  lead  to  cancer  cell  growth. 
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REGULATOR  ELEMENTS  THAT  CAN  INFLUENCE  THE  GENE  EXPRESSION 

OF  VASOPRESSIN  BY  CANCER  CELLS 

The  1 .2  Kb  promoter  region  immediately  upstream  from  the  vasopressin  gene  in  human 
hypothalamic  cells  (Bahnsen  et  al.,  1992)  is  also  present  in  vasopressin-producing  cancer  cells 
(North  and  Du,  unpublished,  see  above).  This  region  has  been  conserved  for  different  species  and 
has  been  shown  to  contain  a  number  of  positive  and  negative  transcriptional  regulators.  Verbeeck 
et  al.(1991)  originally  described  the  inhibitory  influence  of  glucocorticoids  on  the  expression  of 
vasopressin  by  GLC-8  small-cell  lung  cancer  cells.  This  negative  influence  of  glucocorticoids  on 
VP  mRNA  levels,  was  found  to  extend  to  vasopressin  and  neurophysin  production  in  other  cancer 
cells  in  the  form  of  decreased  expression  by  dexamethasone  and  increased  expression  by  the 
glucocorticoid  antagonist  RU  486  (North  and  Yu,  1993b;  Friedmann  et  al.,  1995).  The  1.2  Kb 
vasopressin  gene  promoter  region  and  accompanying  vasopressin  gene  are  represented  in  Figure  2 . 
This  gene  promotor  is  found  to  contain  a  GRE  element  for  binding  of  activated  glucocorticoid 
receptor.  Recent  studies  by  Burke  and  coworkers  (1997)  on  a  transgenic  mouse  model  that 
expresses  a  bovine  vasopressin  transgene  have  localized  a  glucocorticoid  regulatory  element  to  the 
region  -300  to  -155  bp  from  the  transcription  start  site.  However,  the  studies  of  Yasumasa  et  al. 
(1997)  indicate  glucocorticoid  receptor  binding  toDNA  is  preserved  through  promoter  elements  of 
the  vasopressin  gene  that  are  more  proximal  to  the  gene  initiation  site. 

Verbeeck  and  coworkers  (1991)  described  a  positive  influence  of  cAMP  on  vasopressin 
gene  expression  in  GLC-8  cells  presumably  through  one  or  more  CRE  elements  in  the  vasopressin 
promoter  region,  and  this  positive  influence  was  also  found  to  translate  into  changes  of 
vasopressin  gene-related  protein  levels  for  other  cell  lines  (North  and  Yu,  1993;  Friedmann  et  al., 
1995).  Similar  effects  were  observed  with  epinephrine  treatments  (North  and  Yu,  1993).  Iwasaki 
et  al.  (L997)  later  attributed  a  cAMP  induced  positive  regulation  within  the  rat  vasopressin  gene 
promoter  to  interactions  between  two  CRE  sequences  (at  -227  to  -220  bp  and  -123  to  -116  bp)  and 


22 


the  CREB  protein.  When  small-cell  lung  cancer  cells  are  treated  not  only  with  cAMP  (or 
epinephrine),  but  also  with  glucocorticoid,  the  positive  influence  of  cAMP  (or  epinephrine)  on 
expression  is  enhanced  several-fold  instead  of  the  effects  canceling  each  other  out.  This  appears  to 
represent  the  cooption  by  a  positive  CRE  element  of  a  normally  negative  regulatory  GRE  element. 
While  GR  interactions  seem  to  be  primarily  negative,  there  is  evidence  that  positive  regulatory 
responses  can  be  conferred  by  interactions  between  the  GRE  and  positive  promoter  elements  in 
other  systems.  In  this  regard,  a  shift  to  a  positive  signal  in  another  gene  promoter  has  been  noted  to 
occur  through  changes  in  the  levels  of  c-fos  and  c-jun  transcription  factors  (Diamond  et  al.,  1990). 
Iwasaki  et  al.  (1997)  were  unable  to  demonstrate  such  a  switch  in  GR  regulation  for  their  system 
and  much  higher  concentrations  of  glucocorticoid.  Nevertheless,  a  possibility  for  such  switches 
emphasize  the  importance  of  placing  any  regulation  observed  for  isolated  systems  into  a  context  of 
the  whole  animal,  even  with  respect  to  the  CRE  positive  regulatory  element(s).  In  this  respect,  for 
the  chronically  catheterized  conscious  rat,  we  found  DDAVP,  to  be  approximately  50  times  more 
potent  than  AVP  as  a  negative  regulator  of  AVP  release  from  hypothalamic  neurons  (Cheng  and 
North,  1989).  Vasopressin  V2  receptors  are  generally  believed  to  act  chiefly  through  mechanisms 
that  raise  cAMP  levels  in  target  cells. 

The  protein  kinase  C  pathway  does  not  seem  to  be  a  major  player  in  the  regulation  of  the 
vasopressin  gene  of  cancer  cells  because  Verbeeck  et  al.  (1991)  were  unable  to  observe  any  change 
in  expression  with  phorbol  ester  treatment  up  to  5  hours.  This  conclusion  is  supported  by  the  later 
studies  of  Iwasaki  and  coworkers  (1997).  Alternatively,  transfection  of  an  activator  protein  2 
(AP2)  DNA  consensus  sequence  was  found  to  probably  block  transcription,  and  it  is  likely  that  E- 
box  structures  located  within  150  bp  of  the  vasopressin  gene  initiation  site  serve  as  regulators  of 
vasopressin  gene  expression  (Burke  et  al.,  1997). 

Plasma  osmolality  is  a  major  determinant  in  regulating  vasopressin  production  and  release 
from  the  hypothalamic  magnocellular  neurons.  This  regulation  is  believed  to  be  through 
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osmoreceptors  possessed  by  cells  in  the  preoptic  hypothalamus  (Sladek,  1983),  although  changes 
in  osmolality  have  also  been  reported  to  affect  hypothalamic  neurons  directly  (Sladek,  1993).  It 
was  to  study  direct  effects  of  osmolality  on  vasopressin  gene  expression  in  neurons  that  Kim  and 
his  colleagues  (1997)  turned  to  a  vasopressin-producing  small-cell  lung  cancer  cell  line  as  a 
possible  model  system.  They  also  examined  the  influence  of  endothelin  3,  acetylcholine,  and 
angiotensin  II  on  vasopressin  regulation  in  these  cancer  cells.  These  authors  discovered  that  both 
osmolality  (represented  by  a  rise  in  sodium  ion  concentration)  and  endothelin  3  increased  gene 
expression  and  that  the  elements  of  the  vasopressin  promoter  involved  are  between  -1500  and  - 
532.  The  effects  of  angiotensin  II  and  acetylcholine  seemed  to  be  confined  to  increasing 
vasopressin  release  from  the  cells.  They  have  referred  to  the  region  of  the  promoter  responsive  to 
increased  NaCl  as  an  osmolality  responsive  element.  Alternatively,  Okazaki  and  colleagues  (1997) 

have  proposed  that  an  oligo  B  negative  Ca+2  regulator  motif  located  around  position  -355  in  the 
human  vasopressin  promoter  region  is  hyperosmolality  sensitive.  However,  these  authors  found 
that  a  rise  of  osmolality  induced  by  NaCl,  but  not  by  urea,  would  promote  increased  expression 
through  interactions  between  an  Ref  1  protein  and  the  oligoB  motif. 

Recently,  Clauson  and  her  colleagues  (1999ab,  this  meeting),  have  commenced  studies  to 
determine  those  regions  of  the  vasopressin  promoter  that  are  responsible  the  specific  high 
expression  of  the  vasopressin  gene  by  small-cell  lung  cancer  compared  to  an  absence  from  most 
non-small-cell  lung  cancers  and  from  normal  bronchial  epithelial  cells.  Through  their  studies  they 
have  identified  a  promoter  region  of  199  bp  adjacent  to  the  initiation  site  of  the  vasopressin  gene  (- 
157  to  +42)  that  seems  to  be  responsible  for  this  tumor-specific  expression.  A  fragment  of  65  bp 
within  the  199bp  structure  appeared  to  retain  this  specific  activity.  They  have  now  been  able  to 
implicate  an  E-box  element  (E-box  A,  Figure  2)  and,  more  significantly  a  neuron-restrictive 
silencer  element  (Quin,  1996)  around  the  transcription  initiation  site  in  this  regulation.  An  enhancer 
region  that  can  link  in  its  effects  with  the  upstream  regulator(s)  was  located  within  the  intron  1 
region  of  the  gene. 
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SUMMARY 


A  STEPS  concept  is  advanced  that  proposes  neuropeptide  production  by  tumors  is  an 
important  part  of  a  special  process  of  oncogenic  transformation  rather  than  a  preexisting  condition 
of  progenitor  cells.  All  small-cell  lung  cancers  and  breast  cancers  appear  to  express  the 
vasopressin  gene  and,  this  gene  seems  to  be  structurally  normal  in  all  but  exceptional  cases. 
Vasopressin  gene  expression  in  cancer  cells  leads  to  the  production  of  both  normal  and  abnormal 
forms  of  tumor  vasopressin  VPmRNA  and  proteins.  Although  the  necessary  post-translational 
processing  enzymes  are  expressed  in  these  cells,  most  processing  seems  to  be  extragranular,  and 
most  of  the  protein  products  become  components  of  the  plasma  membrane.  Small-cell  lung  cancer 
and  breast  cancer  cells  also  express  normal  genes  for  all  vasopressin  receptors  and  produce  normal 
VPmRNA  and  protein  forms  of  the  Vla  receptor,  the  Vlb  receptor,  and  the  VACM  protein;  plus 
both  normal  and  abnormal  forms  of  the  V2  receptor.  Through  these  receptors,  vasopressin 
exercises  multifaceted  effects  on  tumor  growth  and  metabolism.  A  normal  protein  vasopressin 
gene  promoter  seems  to  be  present  in  small-cell  lung  cancer  cells,  and  this  promoter  contains  all  of 
the  transcriptional  elements  known  to  be  involved  in  gene  regulation  within  hypothalamic  neurons. 
Since  these  elements  largely  account  for  observed  regulation  of  tumor  gene  expression  in  vitro,  it  is 
very  likely  that  as  yet  unknown  factors  are  selectively  produced  by  tumors  in  vivo  to  account  for 
the  observed  seemingly  autonomous  or  unregulated  production  of  hormone  in  tumor  patients. 
Promoter  elements  thought  to  be  responsible  for  selective  vasopressin  gene  expression  in  small-cell 
cancer  are  thought  to  include  an  E-box  and  a  neuron  restriction  silencer  element  close  to  the 
transcription  start  site.  It  is  possible  that  transcription  factors  acting  at  these  same  elements  can 
explain  selective  vasopressin  expression,  not  only  in  small-cell  tumors,  but  also  in  all  other  tumors 
such  as  breast  cancer.  By  extrapolation,  similar  mechanisms  might  also  be  responsible  for  the 
expression  of  additional  features  that  characterize  the  ‘neuroendocrine’  profile  of  these  cancers. 
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Table  1.  Immunoreactivity  for  VP,  VP-HNP,  VAG,  and  the  bridging 
region  of  pro  VP,  in  tumor  specimens  from  24  cases  of  SCCL 


Cases 

Percentage 

of  Total 

Pro  VP  VP 

VP-HNP  VAG 

n=16 

67 

+ 

+  + 

+ 

n=l 

4 

+ 

+ 

- 

n=4 

17 

+ 

+ 

+ 

n=3 

Percentage 

of  Total 

12 

± 

100 

_±  Jh 

100  79 

84 

Pluses  indicate  positive  staining,  while  minuses  reflect  an  inability  to  detect 
immunoreactivity  for  either  VP-HNP  or  VAG. 
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Table  2.  Presence  of  vasopressin  gene-related  products  in  human  breast  cancer 


cancer  subtype 

VP  gene  related  antigens* 

VP  Pro  VP 

VP-HNP 

VAG 

Infiltrating  ductal 

na 

na 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

+ 

+ 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

- 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

na 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

+ 

- 

+ 

Infiltrating  ductal 

+ 

- 

- 

+ 

Infiltrating  ductal 

+ 

- 

- 

+ 

Colloid 

+ 

+ 

- 

+ 

Colloid 

+ 

na 

- 

+ 

Colloid 

+ 

+ 

- 

+ 

Colloid 

+ 

+ 

- 

+ 

Infiltrating  tubular 

+ 

na 

- 

+ 

Infiltrating  tubular 

+ 

+ 

- 

+ 

Infiltrating  lobular 

+ 

na 

- 

+ 

Percentage  positive 

100% 

79% 

5% 

101 

_ (now23/23)* _ 

*Positive  (+)  or.  negative  (-)  immunoreactivity  using  antibody  preparations  and  the  ABC 
procedure,  na  =  not  attempted. 
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Table  3.  Absence  of  vasopressin  gene-related  products  from  benign  breast  fibrocystic  conditions 
Subtype  VP  gene-related  antigens* 

VP  VAG 


Fibrocystic  Disease 
Fibrocystic  Disease 
Fibrocystic  Disease 
Fibrocystic  Disease 

Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Fibrocystic  Disease  with  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 

Fibrocystic  Disease  with  Intraductal  Papilloma  - 

Fibrocystic  Disease  with  Intraductal  Papilloma 
Fibrocystic  Disease  with  Bilateral  Mammary  Hyperplasia 

Percentage  Positive  0%  0% 

*Positive  (+)  or  negative  (-)  immunoreactivity  using  ABC  immunohistochemistry 
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LEGENDS 


Figure  1.  Illustration  depicting  the  structures  of  the  vasopressin  gene  and  protein  precursor 
(preproVP).  Regions  of  the  precursor  are  blocked  out  against  which  Abs,  used  in  studying 
immunohistochemistry  of  small-cell  lung  cancer  and  breast  cancer,  react.  According  to  the  structure 
of  provasopressin,  that  commences  with  the  N-terminal  vasopressin,  these  antibodies  are  directed 
against  the  following  residues:  anti-VP  (  1-7),  anti-Pro VP  (7-21),  anti-VP -HNP  (approx.  12-50), 
and  anti-VAG  (128-145). 

Figure  2.  Schematic  representation  of  the  vasopressin  gene  and  its  promoter  region  showing 
transcriptional  elements  that  appear  to  be  involved  with  gene  expression  by  cancer  cells  in  vitro. 
Also  shown  are  transcriptional  elements  believed  to  be  responsible  for  the  specific  expression  of 
vasopressin  by  small-cell  lung  cancer.  GRE,  glucocorticoid  response  element;  CRE,  cAMP 
response  element;  Oligo  B,  negative  Ca~  response  element  that  produces  up  regulation  with 
increased  NaCl;  NRSE,  neuron-restrictive  silencer  element. 
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We  earlier  Covered  that 

probably  all  breast  cancers,  t  a  mamraary  aland,  and  that  40  KDa  and 
of  the  carcinogenesis  process  i  operated  as  components  of  the 

20  KDa  vasopressin-related  F°'eins  sWe  have  named  the  membrane 

plasma  membrane  in  breast  turn  r  cells  onli2ens)..We  have  now 

proteins  GRSA  (£lycopeptide-, -elated  ce  l  surtac^  processing  o{ 

examined  aspects  of  vasopressin  RT.pcRj  cloning,  DNA 

gene-associated  products s  in >  '1Cf  ‘  ionaIion,  Western  analysis,  and  flow 
sequencing,  sucrose-gradient  f0n0\ving  conclusions, 

cytometry.  Results  obtained  have  led 1  us  e  ion  of  normal 

.  GRSA  surface  markers  ongina  e  »  bec.u,e  rt-PCR  products  of 
and  abnormal  vasopressin  gene  ^  abnornlal 

normal  and  increased  size,  as  well  as  wnn 

sequences,  were  obtained;  face  controlled  by  factors 

.  trafficking  of  GRSA  proteins  to  proteins.  This  is  because 

additional  to  structural  elements  with  n  ^  20  KDa 

both  abnormal  40  KDa  proteins  as  ^jdes; 

provasopressin  are  ssin<,  0f  vasopressin-related  proteins 

.  abnormal  posttranslational  Pr0^essl  =  ss  jntravesicular 

by  tumor  cells  is  no.  due  “  Z  to  demonstrate  that 

processing  enzymes.  This  is  cpci}  and 

functional  forms  of  ‘b"bly  produced  by  these  cells; 

carboxypeptidase  E  (CPE)  are  Pr°Da  y  p  h  sin  structures,  as  well 
.  GRSA  proteins  contain  vasopressin  Tbis  ;s  because  antibodies 

as  the  glycopeptide  moiety  of neurophysin  (VP-HNP) 

to  vasopressin,  human  vasopressin-associated  n  P  J  bolh  40 

and  vasopressin-associated  glycopept.de  (VAG), 

KDa  and  20  KDa  protein  forms,  ™  ,  ^  jmmunotherapeutic 

.  GRSA  proteins  can  be  Poten''  y  lhe  proteins,  as  components 

treatments  of  breast  cancer.  This  is  Decause  m  f 
of  viable  cells  in  vitro,  react  with  specific  anti  o  1 
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^"\Se  have  discovered  Ml  srr.all-ceU 

most  probably  universal  hnease  .  ■  cancer.  Unlike  the* 

carcinoma  of  the  lung  iSCCL).  M  preteir.*  are  w* 

production  by  neurons,  most  ^’0)J  lurnoPr  cells,  but  instead  are 
packaged  into  secretory  vesicles  by  -  -e  1  h  uniquely  form  surface 
trafficked  to  the  plasma  membrane *h  re  they  ^ 
antigens  (NRSA).  RT-PCR.  ^9.  •  Sr  -  h£ve  allowed  us  to 
chemistry,  Western  analyse  and  il^  c*o  ^  pr0.elns: 
reach  the  following  conclusions  a-o^^  ^  abnofrr,ai  V?  fier.es; 

.  NRSA  originates  Irons  dlb2u_  0,  lhe  «:<***«*  P'Mess 

.  v?  S«ne  expression  .s  a  lAey  breast  cancer, 

s.t.SrtU  •*«  m  ,9  ,une" 

ecific  abnormal  pcsnranslational  process.n..^^ 

NRSA  arises  through  both  normd  e 

KvSttranscriptional  Pf5ces*,n9'  n  d2ce  j$  controlled  by  factors 
J  trafficking  of  NRSA  to  the  cell  surface  is  c  ,,ansla.ed. 

additional  to  structural  elements  wu-  ]$  ^  dufi  ,0  their 

•  abnormal  processing  of  pro.ems  J  .  en:ymes; 

inability  to  express  ir;r(fves'c^  p[cr  drug  resistance)  cces  not 

•  changes  in  tumor  di«erentict  '  .  c(  ^~ca. 

alfect  the  nature  nor r  '  ^RS Mequile ' VP.  neurephysb.  and 

•  membrane  models  for  NnS A  q 

clycopeptide  elements  to  be  exU«».elU«r. 
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vasopressm-acuvatea  wjuum  mvur  .-  .e  ,  j  v.  v  ^-n  West  cancer  and  lung  cancer 
candr  cells.  Vasopressin  (AVP)  may  be  involved  »  tteS>  four  classes  of 

pathophysiology,  as  an  ^utocnne/p^cn  <*  Ar>,  i  a  structurally  unique  member  of 
receptors:  V2,  Via,  Vlb,  and  the  recently  do^d  VACm;1  as rc”fhi  h?y  homologous 
this  group  that  contains  a  single  transmembra  i  .  r*‘  )-AVP  induced  an 

cDNA,  termed  HVACM,  was  cloned  from  human  p M  Vd,  and  ZR- 

inaease  in  intracellular  free  calcium  in  .h.  toe«rt  Un.e^' ZT  7. ,  ^  ^ 

75,  and  in  the  lung  cancer  cell  line  MCI  H-l<6.  Total  KN  A  .  om  .  es  rsse  chajn 

human  tissues  (kidney  and  lung),  was  used  '°r  re'e'--  j1  -  f  ptirPcr  5ets  designed 
reaction  (RT-FCR)  and  Northern  blot  ana  ys.s.  RT-JCR,  .;smg  tv  op ™  ^  ®  d 

against  the  rabbit  VACM-1  sequence,  amplified  oands  of  t..e  pi ec he.  -  ob(ainedPfrom 

393  bp  in  all  cell  lines  and  tissues  tested.  Direct  ,  -oka  (90%)  and  the  human 

K-M6  revealed  a  high  degree  of  identity  to  the  rabbit  VAC:. M  cDNA .  W  W  an 

HVACM  cDNA  (99.5%).  Northern  blot  analysis  'healed  .n.^  u.stmct  b  nds  l  •  of 

kilobases)  in  the  cancer  cell  lines.  In  summary,  we, '  "JZ  ZlnT human  tissues. 
mRNA  for  a  novel  AVI'  receptor  in  human  cancer  cell  lines  ana  norm-t  num 
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There  is  currently  no  known  universal  marker  system  for  breast  cancer  that  can  be  utilized  in 
tests  for  early  detection,  for  tumor  localization,  and  for  targeted  treatment.  Most  approaches 
in  the  management  of  this  disease  depend  on  mammography  for  detection,  and  combination 
chemothcmpy  and  radiation  for  treatment.  We  discovered  that  all  breast  cancers  we  examined 
expressed  the  vasopressin  gene,  and  set  out  to  determine  if  this  expression  represented  a 
universal  marker  system  for  the  disease.  We  also  have  commenced  examining  the  nature  of 
the  gcnc-rclatctl  products  generated  by  this  expression,  their  role  in  tumor  growth,  and  their 
potential  usefulness  in  developing  new  methods  lor  early  detection  and  for  rational 
treatments.  Our  approach  has  involved  employing  Immunohistochcmistry  and  a  battery  of  our 
antibodies  directed  against  different  regions  of  the  pro  vasopressin  molecule,  methods  of 
protein  isolation  and  characterization,  flow  cytometry,  reverse  transcription  followed  by 
amplification  through  polymerase  chain  reaction  (RT-PCK),  DNA  sequencing,  sucrose- 
gradient  fractionation,  and  radioimmunoassay.  In  our  studies  we  have  utilized  surgical  and 
biopsy  specimens  of  breast  cancer,  normal  breast  tissue,  breast  fibrocystic  disease,  and 
breast  carcinoma  in  situ,  and  employed  five,  breast  cancer  cell  lines  in  culture. 

Results  obtained  using  immunohistochcmisiry  have  revealed  that  vasopressin  gene-related 
products  arc  very  likely  universal  markers  of  early  carcinogenesis  in  breast  tissues.  I  his  is 
because  all  of  19  breast  tumor*  examined  gave  diffuse  positive  immunostaining  for  different 
components  of  Die  piovasoprcssin  molecule,  while  no  staining  was  obtained  with  normal 
breast  tissues.  No  eases  of  polycystic  disease  examined,  including  typical  and  atypical 
hyperplasia,  gave  positive  staining  and  this  showed  tumor  immunorcactivity  does  not  simply 
represent  tissue  proliferation.  All  eases  of  carcinoma  in  situ  gave  diffuse  positive  staining 
with  antibodies  against  vasopressin-associated  human  glycopcptidc  (V AG)  suggesting 


Keywords:  Vasopressin  Cone  and  Carcinogenesis,  Gly copeptide- Related 
Surface  Antigen,  Targeting,  Vasopressin  Receptors,  Autocrine  Growth  Factor 


This  work  was  supported  in  part  by  the  U.S.  Army  Medical  Research  and  Material 
Command  under  D  AMD  17-9/l-j-d288. 


79  S 


vasopressin  gene  expression  is  also  common  to  this  form  of  proinvusivc  breast  cancer. 

Results  obtained  iVom  protein  analysis  and  sucrose-gradient  fractionation  studies,  on  breast 
cancer  and  the  MCF-7  and  ZR-75-1  cell  lines,  indicate  vasopressin  gene  expression  in  breast 
enneer  gives  rise  to  unique  major  protein  products  of  40  KDa  and  20  KDa  that  become 
components  of  the  plasma  membrane,  and  arc  largely  (>90%)  processed  outside  of  secretory 
granules.  Wc  have  named  these  proteins  collectively  GRSA  (glyeopeptide-  related  surface 
antigen)  because  for  viable  MCF-7  cells  in  culture  they  were  found  to  react  with  out 
antibodies  to  VAG.  Ongoing  RT-PCR  studies  on  MCF-7,  T47I).  ZR-75-1  cell  lines,  utilizing 
ten  primers  designed  to'produee  cross-over  products  for  the  whole  reading  frame  of 
'  vasopressin  (VP)  mRNA,  have  so-far  allowed  us  to  deduce  that  C1RS A  proteins  are  the 
products  of  at  least  two  VP  mRNAs,  one  of  normal  size  and  presumably  generated  from  a 
normal  gene,  the  othei(s)  containing  an  additional  600  bases  upstream  IVom  F.son  B  ami 
generated  either  from  a  normal  gene  through  alternative  splicing  that  includes  a  portion  of 
intron  I  or  from  an  abnormal  gene  with  an  insertion  in  Fxon  A.  In  our  studies  wc  have 
additionally  found  no  evidence  lor  cross-over  between  vasopressin  and  oxytocin  genes  in 
brcttsl  cancer.  Although  cellular  trafficking  of  GRSA  proteins  is  largely  outside  of  sec  ret  017 
vesicles,  we  have  determined  breast  cancer  cells  are  capable  of  expressing  proteolytic 
enzymes  required  in  normal  imravcsieular  processing.  Primer  pairs  for  amplification  of 
cDNA  fragments  of  prohormonc  convcrtases  (PC)  1/3  and  2, 11ml  carboxy  peptidase  l;.  (CTPT* ) 
were  used  in  RT-PCR  performed  on  RNA  from  cell  lines  MCF-7  and  Z.R  76  1.  For  CPE 
primers,  products  of  the  predicted  size  were  obtained  front  both  cell  lines,  and  f)N  A 
sequencing  gave  a  sequence  identical  to  that  published  for  functional  CPF.  of  anterior 
pituitary.  Similarly,  a  product  of  predicted  size  and  normal  structure  could  he  amplified  using 
PC  2  primers  from  MCF-7  cells,  but  not  from  Z.R-75  I  cells.  Neither  cell  line  seemed  to 
express  mRNA  lor  PC  1/3.  While  most  VP  gene  expression  culminates  in  GRSA  protein 
production,  some  of  it  appears  to  produce  vasopressin  and  VAG  as  secretory  products.  This 
is  because,  using  out  RIAs.  wc  were  able  to  show  these  products  elevated  in  the  plasma  of  5 
of  7  patients  with  breast  cancer.  RIAs  for  VP  and  VAG  might  therefore  find  a  use  in 
methods  for  detecting  tumors  and  monitoring  treatments.  Vasopressin  (VP)  appears  to  be  an 
autocrine  growth  factor  lor  breast  cancer.  In  this  respect,  wc  were  have  been  able  to 
demonstrate  for  T47D  and  ZR-75-1  cells,  using  Indo-I  AM  fluorescence  and  flow  cytometry, 
that  the  peptide  can  increase  intracellular  Iree-CV'  in  a  dose-dependent  manner.  We  were 
also  able  to  show  through  Western  analysis  that  VP  can  activate  mitogen-activated  protein 
(MAP)  kinase  in  these  cells.  Although  these  effects  both  appear  to  he  through  a  vasopressin 
Vj  receptor  mechanism.  RT-PCR  and  DNA  sequencing  has  been  used  by  us  to  show  that 
breast  cancer  cells  are  capable  of  expressing  all  four  vasopressin  receptor  subtypes  ( Vla. 

V,hl  V2.  and  human  VaC.'M).  as  well  as  oxytocin  receptors.  BT  549.  MCI  -7.  MDA-MB- 
231.  T47D.  and  ZR-75-1  cells  have  featured  in  these  receptor  studies. 

Our  studies  have  therefore  led  us  to  the  following  conclusions:  I )  the  vasopressin  gene  is  a 
universal  marker  of  carcinogenesis  in  breast  tissue:  2)  vasopressin  gene  expression  in  breast 
cancer  uniquely  leads  to  the  formation  ot  surface  GRSA  proteins  that  arc  potential  targets  for 
immunotherapy;  3)  breast  tumors  are  neuroendocrine  and  most  cause  plasma  elevations  of 
vasopressin  gene-related  products. that  can  be  potentially  used  for  detection  and  monitoring 
treatments;  T)  vasopressin  is  an  autocrine  growth  factor  for  breast  cancer;  and  5)  expression 
of  multiple  Vj*  receptors  subtypes  implies  vasopressin  plays  a  multifaceted  role  in  tumor 
growth  and  survival.  All  of  these  conclusions  speak  to  the  future  Importance  of  vasopressin 
gene-related  products  for  developing  new  and  sensitive  methods  of  detecting  breast  cancer 
and  monitoring  treatments,  and  new  and  successful  immunothcrapuctic  interventions. 
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I  his  laboratory  has  demonstrated  that  fixed  breast  cancer  biopsy  sjxjcirncns  exhibit 
positive  imimtniii'cucliviiy  lur  vasopressin  anil  oxytocin  gene  related  products  using  the 
technique  ol  imiminohisiochcmisliy  and  antibodies  directed  against  different  regions  of  the 
vasopressin  and  oxytocin  prohonnoncs,  In  addition,  both  in  vitro  and  in  vivo  research 
indicate  dial  neuropeptides,  like  vasopressin  and  oxytocin,  modulate  breast  cancer  cell 
growth.  I  aken  together  these  results  suggest  that  vusopressin  and  oxytocin  may  serve  as 
autocrine  and/or  paracrine  growth  modulators  for  breast  cancer  cells.  However,  the 
receptors  and  signal  transduction  pathways  through  which  vasopressin  and  oxytocin  act  to 
influence  breast  cancer  cell  growth  remain  unknown.  The  purpose  of  this  research  is  to 
determine  if  breast  cancer  cells  express  vusopressin  and  oxytocin  receptors,  and  to 
evaluate  vasopressin-  and  oxytocin- induced  signal  transduction  in  breast  cancer  cells. 

Jo  evaluate  which  vasopressin  and  oxytocin  receptor  subtypes  arc  expressed  by  breast 
cancer  cells  the  technique  of  reverse-transcription  polymerase  chain  reaction  (RT-PCR) 
was  used  with  primer  pairs  specific  for  the  oxytocin  receptor,  the  Via  vasopressin 
receptor,  the  V lb  vasopressin  receptor,  the  V2  vasopressin  receptor,  and  the  vasopressin- 
activated  calcium  mobilizing  receptor  (VACM).  The  VaCM  and  V  lb  receptor  PCR 
products  were  confirmed  by  direct  DNA  sequencing.  To  study  vasopressin  and  oxytocin 
induced  changes  in  intracellular-free  calcium,  breast  cancer  cells  were  loaded  with  jndo-J 
AM.  and  ncurnjvplidc-induccd  changes  in  intracellular  free  calcium  monitored  over  a  four 
minute  period  using,  a  IJccion  Dickinson  bacstnr  Plus  flow  cytometer  (excitation  356  nm, 
emissions  405  nm  (calcium  bound  indoj.  and  4X5  nm  (free  indo)].  To  determine  if 
vusopressin  causes  activation  of  the  mitogen  activated  protein  kinase  cascade  (MAP 
kinase).  MCF-7  breast  cancer  cells  were  stimulated  with  vasopressin,  and  activated 
(phosphorylatcd)  MAP  Kinase  evaluated  by  western  blot  analysis. 

Keywords:  Btcasf  Cancer  Cells,  Vasopressin  und  Oxytocin,  Vasopressin 
and  Oxytocin  Receptors,  Signal  Transduction. 
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Using  (he  technique  of  RT-I’CR  evidence  was  obtained  for  the  expression  of  mRNA(s) 
lor  a  number  of  vasopressin  and  oxytocin  receptor  subtypes  in  cultured  breast  cancer  cell 
lines.  Using  two  primer  pairs  based  on  the  sequence  of  the  VaC'M  receptor,  PCR 
products  of  the  predicted  sizes  c>r  67-1  bp  and  193  bp  were  amplified  from  MCI--7,  T47D. 
and  ZR-75  breast  cancer  cell  lines.  Using  a  primer  pair  based  on  the  oxytocin  receptor,  a 
PCR  product  of  the  predicted  size  of  391  bp  was  amplified  from  BT549,  MCT-7.  MDA- 
MR-23 1 .  T47D.  and  ZR-75  breast  cancer  cell  lines,  From  the  ZR-/5,  81549,  and  MCI-- 
7  cell  lines  a  PCR  product  of  the  predicted  si/e  of  862  bp  was  amplified  using  primers  for 
the  V2  vasopressin  receptor.  Jn  addition,  using  the  V2  receptor  primers,  a  PCJR  product 
which  is  approximately  100  bp  larger  than  expected  was  amplified  limn  these  three  cell 
lines.  It  is  believed  that  this  PCR  product  represents  an  incompletely  spliced  inRNA 
species  containing  the  second  intrem.  Using  Primer  pairs  that  amplify  a  239  bp  PCR 
product  for  the  V  lb  vasopressin  receptor,  a  product  of  the  predicted  size  was  amplified 
from  the  MCF7  breast  cancer  cell  line.  Preliminary  PCR  results  using  a  primer  pair  based 
on  the  V  [a  vasopressin  receptor  Indicate  that  a  PCR  product  of  the  predicted  size  of  40S 
bp  was  amplified  from  the  T47D  breast  cancer  cell  line.  The  identity  of  the  VaCM  and 
Vlb  PCR  products  has  been  verified  by  direct  ON  A  sequencing  of  the  PCR  products. 
Northern  blot  analysis  for  VACM  using  RNA  from  the  ZR-75,  MCF-7,  and  T47D  cell 
lines  indicates  RNA  species  or  -  3.5.  5.  and  6.5  Kb.  Using  indo- 1  AM  loaded  ZR-75  and 
T47D  breast  cancer  cells  neuropeptide  induced  changes  in  intracellular  free  calcium  was 
monitored  using  How  cytometric  analysis.  Vasopressin  (0.  10  nM,  lOOnM.  and  1.000 
nM)  was  administered  after  approximately  20  seconds  of  baseline.  In  both  cell  lines 
vasopressin  at  the  100  nM  and  1,000  nM  doses  induced  a  rise  in  intracellular-lice  etdeium 
as  indicated  by  an  increase  in  the  405nm/485nm  ratio.  At  all  the  doses  studied  oxytocin 
(10  nM.  1(X)  nM,  1,000  nM)  did  not  cause  a  noticeable  rise  in  intraccllular-frcc  calcium  in 
the  ZR-75  and  I  47Dcell  lines.  Treatment  of  MCF-7  breast  cancer  cells  with  100  nM  and 
1,000  nM  vasopressin  resulted  in  a  dose-dependent  increase  in  tyrosine  phosphorylntcd 
MAP  kinase  as  determined  by  Western  blot  analysis. 

Both  in  vivo  and  in  vitro  results  indicate  that  neuropeptides  like  vasopressin  ettn  serve  as 
growth  modulating  agents  for  breast  cancer.  Research  ped'ormed  in  this  laboratory 
indicates  that  neuropeptides,  like  vasopressin  and  oxytocin,  arc  pi  minced  by  breast  cancer 
cells.  Collectively  these  results  suggest  that  neuropeptide  hormones  may  serve  us 
autocrine/paracrine  factors  for  breast  cancer.  The  results  obtained  in  these  studies  provide 
further  support  for  a  role  of  vasopressin  and  oxytocin  as  parau  ine/autociine  factors  for 
breast  cancer  since  mRNA(s)  for  a  number  of  receptors  for  these  hormones  are  expressed 
in  cultured  breast  cancer  cells.  Vasopressin  treatment  causes  u  rise  in  intracellular  free 
calcium  in  two  cultured  breast  cancer  cell  lines,  suggesting  that  the  hormone. might  he 
activating  VACM.  Via,  or  V 1  b  receptor  subtypes.  Experimental  results  obtained  with  the 
MCF-7  breast  cancer  cell  line  suggest  that  the  influence  of  vasopressin  on  breast  cancer 
tell  growth  observed  in  vivo  and  in  vitro  may  he  due  to  activation  of  the  MAI’  kinase 
cascade.  These  results  further  support  a  role  for  neuropeptide  hormones  like  vasopressin 
and  oxytocin  in  breast  cancer  pathophysiology.  Identifying  hormones  involved  in  breast 
cancer  cell  growth,  the  hormone  receptors  through  which  these  peptides  act.  and  the 
cellular  changes  associated  with  receptor  activation  is  crucial  to  identifying  novel  strategics 
for  the  treatment  of  breast  cancer. 


#1175  Breast  cancer  cells  express  all  known  vasopressin  receptors  plus 
an  abnormal  V2  receptor.  Du,  J.  and  North,  W.G.  Department  of  Physiology, 
Dartmouth  Medical  School,  Lebanon,  NH  03756. 

Vasopressin  is  reported  to  influence  the  growth  of  breast  cancer  cells,  and  we 
and  others  have  provided  evidence  that  an  autocrine  loop  involving  vasopressin 
is  present  in  perhaps  all  breast  cancers.  The  current  study  was  undertaken  to 
examine  possible  vasopressin  receptor  subtypes  taking  part  in  this  autocrine  loop 
as  it  exists  in  MCF-7  cells  in  culture.  RT-PCR  demonstrated  that  mRNAs  for  all 
currently  recognized  vasopressin  receptor  subtypes  (V1a,  V1b,  and  are  ex¬ 
pressed  by  these  cells.  Cloning,  and  DNA  sequencing  over  the  entire  open 
reading  frame  (ORF)  of  each  mRNA  revealed  that  normal  sequences  representing 
each  receptor  were  present.  However,  in  addition  to  these  normal  structures,  an 
abnormal  mRNA  for  the  V2  receptor  was  also  expressed.  This  contains  a  se¬ 
quence  corresponding  to  intron  2  of  the  gene  and  is  apparently  the  product  of 
incomplete  splicing.  Such  an  mRNA,  also  found  by  us  to  occur  in  small-cell  lung 
cancer  cells,  would  be  expected  to  give  rise  to  a  truncated  and  C-terminally 
altered  “diabetic”  form  of  receptor  protein.  Western  analysis  revealed  that  all 
three  normal  mRNAs  gave  rise  to  proteins  of  sizes  compatible  with  them  being 
functional  receptors.  The  abnormal  V2  receptor  mRNA  also  gave  rise  to  proteins, 
which  are  presumed  to  be  non-functional.  The  presence  of  all  three  normal 
vasopressin  receptors  in  these  breast  cancer  cells  that  also  produce  vasopressin 
suggests  the  autocrine  loop  of  the  peptide  in  breast  tumors,  as  in  small-cell 
tumors,  is  multi-functional  in  nature. 
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/gene="Breast  cancer  vasopressin  receptor  subtype  la” 

CDS  24..  1280 

/gene=”Breast  cancer  vasopressin  receptor  subtype  la” 

/codon_start=l 

/product=  "Breast  cancer  vasopressin  receptor  subtype  la" 
/translation="MRLSAGPDAGPSGNSSPWWPLATGAGNTSREAEALGEGNGPPRD 
V  RNEEL  AKLEI A  V  LA  VT  FA  V  A  V  LGNSS  V  LL  A  LH  RT  PRKT  S  RM II LFI R  HLSL  A  DL  A  V  AF 
FQ  V  LPQMC  WDIT  Y  RFRGPD  WLCR  V  V  KIILQV  FGMF  AS  A  YML  V  V  MT  A  DRY  I A  VCHPLKT  L 
QQP  ARRSRLM I A  A  A  W  VLS  FV  LSTPQY  FV  FSMI EV  NN  VT  KARDCW  AT  FIQPWGS  RAY  VT 
WMTG  GIFV  AP  V  V I LGT  CYG  F1C  YNI W  CN  V  RG  KT  AS  RQS  KG  A  EQAG  V  AFQKGFLL  A  PC  V 
SS  VKSISR  AKIRT  VKiVIT  FVI  VT  A  Y IV  CWAPFFI IQMWS  V  WDPMS  V  WTES  ENFflTIT  A 
LLGS  LNSCCNPW I Y  M  FFSGH  LLQDC  VQS  FPCCQNM  KEKFN  KEDT  DSMS  R  RQT  FY  SN  NR 
SPTNST  GMWKDSPKSS  KSIKFI  PV  ST " 

BASE  COUNT  258  a  399  c  364  g  277 1 
ORIGIN 

1  cgagtaggag  ctgcatggac  agcatgcgtc  tctccgccgg  tcccgacgcg  gggccctcgg 
61  gcaactcca  g  cccatggtgg  cctctggcca  ccggcgctgg  caacacaagc  cgggaggccg 
121  aagccctcgg  ggagggcaac  ggcccaccga  gggacgtgcg  caacgaggag  ctggccaaac 
181  tggagatcgc  cgtgctggcg  gtgactttcg  cggtggccgt  gctgggcaac  agcagcgtac 
241  tgctggctct  gcaccggacg  ccgcgcaaga  cgtcccgcat  gcacctcttc  atccgacacc 
30 1  tcagcctggc  cgacctggcc  gtggcattct  tccaggtgct  gccgcaaatg  tgctgggaca 
361  tcacctaccg  cttccgcggc  cccgactggc  tgtgccgcgt  ggtgaagcac  ctgcaggtgt 
42 1  tcggcatgtt  tgcgtcggcc  tacatgctgg  tagtcatgac  agccgaccgc  tacatcgcgg 
481  tgtgccaccc  gctcaagact  ctgcaacagc  ccgcgcgccg  ctcgcgcctc  atgatcgcgg 
541  ccgcctgggt  gctgagcttc  gtgctgagca  cgccgcagta  cttcgtcttc  tccatgatcg 
601  aggtgaacaa  tgtcaccaag  gcccgcgact  gctgggccac  cttcatccag  ccctggggtt 
661  ctcgtgccta  cgtgacctgg  atgacgggcg  gcatcltlgt  ggcgcccgtg  gtcatcttgg 
72 1  gtacctgcta  cggcttcatc  tgctacaaca  tctggtgcaa  cgtccgcggg  aagacggcgt 
781  cgcgccagag  caagggtgca  gagcaagcgg  gtgtggcctt  ccaaaagggg  ttcctgctcg 
841  caccctgtgt  cagcagcgtg  aagtccattt  cccgggccaa  gatccgcacg  gtgaagatga 
901  cttttgtgat  cgtgacggct  tacatcgtct  gctgggcgcc  tttcttcatc  atccagatgt 
961  ggtctgtctg  ggatcccatg  tccgtctgga  ccgaatcgga  aaaccctacc  atcaccatca 
1021  ctgcattact  gggttccttg  aatagctgct  gtaatccctg  gatatacatg  ttttttagtg 
1081  gccatctcct  tcaagactgt  gttcaaagcl  tcccatgctg  ccaaaacatg  aaggaaaaat 
1141  tcaacaaaga  agatactgac  agtatgagca  gaagacagac  ttutattct  aacaatcgaa 
1201  gcccaacaaa  cagtacgggt  atgtggaagg  aclcgcctaa  atctlccaag  tccatcaaat 
1261  tcattcctgt  ttcaacttga  gccttgcatt  catgcaac 
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/codon_start=l 

/product=" Breast  cancer  vasopressin  receptor  subtype  lb" 
/translation="MDSGPLWDANPTPRGTLSAPNATTPWLGRDEELAKVEIGVLATV 
LVL  ATGGNL  A  V  LLT  LGQI  XiRKRS  RM  H  LFV  LH  L  ALT  DL  A  V  A  LFQV  LPQLLWDIT  Y  RFQG 
PDLLCR  A  V  KY  LQ  V  LS  M  FAST  Y  M  LL  A  MT  L  DR  YL  A  VCI-I PLRS  LQQPGQST  Y  LLI A  A  PWLL 
A  AI FS  L  PQV  FI  FSLRE  VIQGSG  VLDC  W  A  DFGFPWGPR  A  Y  LT  WIT  LAI  FV  LPVTMLT  AC 
YSLICHEICKNLKVKTQAWRVGGGGWRTWDRPSPSTLAATTRGLPSRVSSINTISRAK 
IRT  V KMTFV I V LAY  I ACW  APFFS  VQMWS V W DKNA  PDEDSTN V'  AFITSMLLGNLNSCCN 
PWI YMGFNS I-ILLPRPLR  ML  ACCGGPQPRMRRRLSDGS  LS  SRHTTLLT  RSSCPAT  LS  LS 
LSLTLSGRPRPEES  PRDLEL  ADGEGT  AETIIF" 
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1  tccctgtcat  tctcaacgct  tctcctttct  ctccacctcc  cctgccactc  cattttatcc 
61  atcaaacctc  tccacttgca  tccacaccct  cccttcatcc  ttccctccca  gcaaaccttg 
121  ctcatggatt  ctgggcctct  gtgggatgcc  aaccccaccc  ctcggggcac  cctctctgcc 
181  cccaatgcca  caacaccctg  gctgggccgg  gatgaggage  tggccaaggt  ggagatcgga 
241  gtcctggcca  ctgtcctggt  gctggcgacc  gggggcaacc  tggctgtgct  gctgaccctg 
301  ggccagctgg  gccgcaagcg  ctcccgcatg  cacctgttcg  tgctgcactt  agccctgaca 
361  gacctggccg  tggegetett  ccaggtgctg  ccacagctgc  tgtgggacat  cacctaccgc 
421  tlccagggcc  ccgacctcct  gtgcagggcc  gtcaagtacc  tgcaggtgct  cagcatgttt 
481  gcctccacct  acatgctgct  ggccatgacg  ctggaccgct  acctggctgt  ctgtcacccc 
541  ctgcgcagcc  tccagcagcc  aggccagtcc  acctacctgc  tcatcgctgc  tccctggctg 
601  ctggccgcca  tcttcagcct  ccctcaagtc  ttcatttttt  ccctgcggga  ggtgatccag 
661  ggctcagggg  tgctggactg  ctgggcagac  ttcggcttcc  cttgggggcc  acgggcctac 
721  ctcacctgga  ccaccctggc  tatettegtt  etgccggtga  ccatgctcac  ggcctgctac 
781  agcctcatct  gccatgagat  ctgtaaaaac  ctaaaagtca  agacacaggc  ctggcgggtg 
841  ggaggagggg  gctggaggac  ttgggacagg  ccctcacctt  ccaccttagc  tgccaccact 
901  cgggggctgc  catctcgggt  cagcagcatc  aacaccatct  cacgggccaa  gatccgaaca 
961  gtgaagatga  cctttgtcat  cgtgctggcc  tacatcgctt  gctgggctcc  cttcttcagt 
1021  gtccagatgt  ggtccgtgtg  ggacaagaat  gcccctgatg  aagattccac  caatgtggct 
1081  ttcaccatct  ctatgctttt  gggcaacctc  aacagctgct  gcaacccctg  gatctacatg 
1141  ggcttcaaca  gccacctgtt  accgcggccc  ctgcgtcacc  ttgcctgctg  tgggggtccc 
1201  cagcccagga  tgcgccggcg  gctctccgac  ggcagcctct  cgagccgcca  caccacgctg 
1261  ctgacccgct  ccagctgccc  ggccaccctc  agcctcagcc  tcagcctaac  cctcaglggg 
1321  aggcccaggc  ctgaagagtc  accaagggac  ttggagctgg  cagatgggga  aggcaccgct 
1381  gagaccatca  tcttttagga  aagactcgct  ggggtctggt  actgccccca  ggactagtgg 
1441  aggttctctg 
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JOURNAL  Cancer  Res.  58  (9),  1866-1871  (1998) 

MEDLINE  98240982 
REFERENCE  2  (bases  1  to  1298) 

AUTHORS  North, W.G.  and  Du,J. 

TITLE  Breast  cancer  cells  express  normal  forms  of  all  vasopressin 
receptor  subtypes  plus  an  abnormal  v2  receptor 
JOURNAL  Unpublished 
REFERENCE  3  (bases  1  to  1298) 

AUTHORS  Du,J.  and  North, W.G. 

TITLE  Direct  Submission 

JOURNAL  Submitted  (26-OCT-1998)  Physiology,  Dartmouth  Medical  School,  1 
Medical  Center  Drive,  Lebanon,  NH  03756,  USA 
FEATURES  Location/Qualifiers 

source  1..1298 

/organism="Homo  sapiens" 

/db_xref=”taxon  :9606" 

/cell_line="MCF-7" 

/cell_type="breast  cancer" 

CDS  24.. 1280 

/codon_start=1 

/product="vasopressin  receptor  subtype  la" 

/protein_id="A  A  D 1 789 1 . 1 " 

/db_xref="PID:g4336680" 

/db_xref="GI  :4336680" 

/translation="MRLSAGPDAGPSGNSSPWWPLATGAGNTSREAEALGEGNGPPRD 
VRNEELAKLEIAVLAVTFAVAVLGNSSVLLALHRTPRKTSRMHLFIRHLSLADLAVAF 
FQVLPQMCWDITYRFRGPDWLCRWKHLQVFGMFASAYMLWMTADRYIAVCHPLKTL 
QQPARRSRLMIAAAWVLSFVLSTPQYFVFSMIEVNNVTKARDCWATFIQPWGSRAYVT 
WMTGGI FVAPVVI LGTCYG  FICYN I WCN  VRG  KT ASRQSKG  AEQAG  VAFQKG  FLLAPCV 
SSVKSISRAKIRTVKMTFVIVTAYIVCWAPFFIIQMWSVWDPMSVWTESENPTITITA 
LLGSLNSCCNPWIYMFFSGHLLQDCVQSFPCCQNMKEKFNKEDTDSMSRRQTFYSNNR 
SPTNSTGMWKDSPKSSKSIKFIPVST' 

BASE  COUNT  258  a  399  c  364  g  277 1 


ORIGIN 


1  cgagtaggag  ctgcatggac  agcatgcgtc  tctccgccgg  tcccgacgcg  gggccctcgg 
61  gcaactccag  cccatggtgg  cctctggcca  ccggcgctgg  caacacaagc  cgggaggccg 
121  aagccctcgg  ggagggcaac  ggcccaccga  gggacgtgcg  caacgaggag  ctggccaaac 
181  tggagatcgc  cgtgctggcg  gtgactttcg  cggtggccgt  gctgggcaac  agcagcgtac 
241  tgctggctct  gcaccggacg  ccgcgcaaga  cgtcccgcat  gcacctcttc  atccgacacc 
301  tcagcctggc  cgacctggcc  gtggcattct  tccaggtgct  gccgcaaatg  tgctgggaca 
361  tcacctaccg  cttccgcggc  cccgactggc  tgtgccgcgt  ggtgaagcac  ctgcaggtgt 
421  tcggcatgtt  tgcgtcggcc  tacatgctgg  tagtcatgac  agccgaccgc  tacatcgcgg 
481  tgtgccaccc  gctcaagact  ctgcaacagc  ccgcgcgccg  ctcgcgcctc  atgatcgcgg 
541  ccgcctgggt  gctgagcttc  gtgctgagca  cgccgcagta  cttcgtcttc  tccatgatcg 
601  aggtgaacaa  tgtcaccaag  gcccgcgact  gctgggccac  cttcatccag  ccctggggtt 
661  ctcgtgccta  cgtgacctgg  atgacgggcg  gcatctttgt  ggcgcccgtg  gtcatcttgg 
721  gtacctgcta  cggcttcatc  tgctacaaca  tctggtgcaa  cgtccgcggg  aagacggcgt 
781  cgcgccagag  caagggtgca  gagcaagcgg  gtgtggcctt  ccaaaagggg  ttcctgctcg 
841  caccctgtgt  cagcagcgtg  aagtccattt  cccgggccaa  gatccgcacg  gtgaagatga 
901  cttttgtgat  cgtgacggct  tacatcgtct  gctgggcgcc  tttcttcatc  atccagatgt 
961  ggtctgtctg  ggatcccatg  tccgtctgga  ccgaatcgga  aaaccctacc  atcaccatca 
1021  ctgcattact  gggttccttg  aatagctgct  gtaatccctg  gatatacatg  ttttttagtg 
1081  gccatctcct  tcaagactgt  gttcaaagct  tcccatgctg  ccaaaacatg  aaggaaaaat 
1141  tcaacaaaga  agatactgac  agtatgagca  gaagacagac  tttttattct  aacaatcgaa 
1201  gcccaacaaa  cagtacgggt  atgtggaagg  actcgcctaa  atcttccaag  tccatcaaat 
1261  tcattcctgt  ttcaacttga  gccttgcatt  catgcaac 


the  above  report  in  |  Macintosh  ||  Text  |  format 


Other  Formats:  FASTA  ||  Graphic  f _ 
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LOCUS  AF101726  1450  bp  mRNA  PRI  04-MAR-1999 

DEFINITION  Homo  sapiens  vasopressin  receptor  subtype  1b  mRNA,  complete  cds. 

ACCESSION  AF101726 

NID  g4336681 

VERSION  AF1 01 726.1  Gl:4336681 

KEYWORDS  . 

SOURCE  human. 

ORGANISM  Homo  sapiens 

Eukaryota;  Metazoa;  Chordata;  Craniata;  Vertebrata;  Mammalia; 

Eutheria;  Primates;  Catarrhini;  Hominidae;  Homo. 

REFERENCE  1  (bases  1  to  1450) 

AUTHORS  North, W.G.,  Fay,M.J.,  Longo.K.A.  and  Du,J. 

TITLE  Expression  of  all  known  vasopressin  receptor  subtypes  by  small  cell 
tumors  implies  a  multifaceted  role  for  this  neuropeptide 
JOURNAL  Cancer  Res.  58  (9),  1866-1871  (1998) 

MEDLINE  98240982 
REFERENCE  2  (bases  1  to  1450) 

AUTHORS  North, W.G.  and  Du,J. 

TITLE  Breast  cancer  cells  express  normal  forms  of  all  vasopressin 
receptor  subtypes  plus  an  abnormal  v2  receptor 
JOURNAL  Unpublished 
REFERENCE  3  (bases  1  to  1450) 

AUTHORS  Du,J.  and  North, W.G. 

TITLE  Direct  Submission 

JOURNAL  Submitted  (26-OCT-1998)  Physiology,  Dartmouth  Medical  School,  1 
Medical  Center  Drive,  Lebanon,  NH  03756,  USA 
FEATURES  Location/Qualifiers 

source  1..1450 

/organism="Homo  sapiens" 

/db_xref="taxon:9606" 

/cell_line="MCF-7" 

/cell_type="breast  cancer" 

CDS  124.. 1398 

/codon_start=1 

/product="vasopressin  receptor  subtype  1b" 

/protein_id="AAD1 7892.1 " 

/db_xref="PID:g4336682" 

/db_xref="G 1 :4336682" 

/translation="MDSGPLWDANPTPRGTLSAPNATTPWLGRDEELAKVEIGVLATV 
LVLATGGNLAVLLTLGQLGRKRSRMHLFVLHLALTDLAVALFQVLPQLLWDITYRFQG 
PDLLCRAVKYLQVLSMFASTYMLLAMTLDRYLAVCHPLRSLQQPGQSTYLLIAAPWLL 
AAIFS  LPQVFI FS  LREVIQGSG  VLDCWAD  FG  FP  WG  PR  AYLTWTTLAI FVLP  VTM  LT AC 
YSLICHEICKNLKVKTQAWRVGGGGWRTWDRPSPSTLAATTRGLPSRVSSINTISRAK 
IRTVKMTFVIVLAYIACWAPFFSVQMWSVWDKNAPDEDSTNVAFTISMLLGNLNSCCN 
PWIYMGFNSHLLPRPLRHLACCGGPQPRMRRRLSDGSLSSRHTTLLTRSSCPATLSLS 
LSLTLSGRPRPEESPRDLELADGEGTAETIIF" 

BASE  COUNT  243  a  517  c  381  g  309 1 


ORIGIN 


1  tccctgtcat  tctcaacgct  tctcctttct  ctccacctcc  cctgccactc  cattttatcc 
61  atcaaacctc  tccacttgca  tccacaccct  cccttcatcc  ttccctccca  gcaaaccttg 
121  ctcatggatt  ctgggcctct  gtgggatgcc  aaccccaccc  ctcggggcac  cctctctgcc 
181  cccaatgcca  caacaccctg  gctgggccgg  gatgaggagc  tggccaaggt  ggagatcgga 
241  gtcctggcca  ctgtcctggt  gctggcgacc  gggggcaacc  tggctgtgct  gctgaccctg 
301  ggccagctgg  gccgcaagcg  ctcccgcatg  cacctgttcg  tgctgcactt  agccctgaca 
361  gacctggccg  tggcgctctt  ccaggtgctg  ccacagctgc  tgtgggacat  cacctaccgc 
421  ttccagggcc  ccgacctcct  gtgcagggcc  gtcaagtacc  tgcaggtgct  cagcatgttt 
481  gcctccacct  acatgctgct  ggccatgacg  ctggaccgct  acctggctgt  ctgtcacccc 
541  ctgcgcagcc  tccagcagcc  aggccagtcc  acctacctgc  tcatcgctgc  tccctggctg 
601  ctggccgcca  tcttcagcct  ccctcaagtc  ttcatttttt  ccctgcggga  ggtgatccag 
661  ggctcagggg  tgctggactg  ctgggcagac  ttcggcttcc  cttgggggcc  acgggcctac 
721  ctcacctgga  ccaccctggc  tatcttcgtt  ctgccggtga  ccatgctcac  ggcctgctac 
781  agcctcatct  gccatgagat  ctgtaaaaac  ctaaaagtca  agacacaggc  ctggcgggtg 
841  ggaggagggg  gctggaggac  ttgggacagg  ccctcacctt  ccaccttagc  tgccaccact 
901  cgggggctgc  catctcgggt  cagcagcatc  aacaccatct  cacgggccaa  gatccgaaca 
961  gtgaagatga  cctttgtcat  cgtgctggcc  tacatcgctt  gctgggctcc  cttcttcagt 
1021  gtccagatgt  ggtccgtgtg  ggacaagaat  gcccctgatg  aagattccac  caatgtggct 
1081  ttcaccatct  ctatgctttt  gggcaacctc  aacagctgct  gcaacccctg  gatctacatg 
1141  ggcttcaaca  gccacctgtt  accgcggccc  ctgcgtcacc  ttgcctgctg  tgggggtccc 
1201  cagcccagga  tgcgccggcg  gctctccgac  ggcagcctct  cgagccgcca  caccacgctg 
1261  ctgacccgct  ccagctgccc  ggccaccctc  agcctcagcc  tcagcctaac  cctcagtggg 
1321  aggcccaggc  ctgaagagtc  accaagggac  ttggagctgg  cagatgggga  aggcaccgct 
1381  gagaccatca  tcttttagga  aagactcgct  ggggtctggt  actgccccca  ggactagtgg 
1441  aggttctctg 

/  / 
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LOCUS  AF101728  1307  bp  mRNA  PRI  03-MAR-1999 

DEFINITION  Homo  sapiens  truncated  vasopressin  receptor  type  2  mRNA,  complete 
cds. 

ACCESSION  AF101728 
NID  g4323606 
VERSION  AF1 01 728.1  Gl:4323606 
KEYWORDS  . 

SOURCE  human. 

ORGANISM  Homo  sapiens 

Eukaryota;  Metazoa;  Chordata;  Craniata;  Vertebrata;  Mammalia; 

Eutheria;  Primates;  Catarrhini;  Hominidae;  Homo. 

REFERENCE  1  (bases  1  to  1307) 

AUTHORS  North.W.G.,  Fay.M.J.,  Longo,K.A.  and  Du,J. 

TITLE  Expression  of  all  known  vasopressin  receptor  subtypes  by  small  cell 
tumors  implies  a  multifaceted  role  for  this  neuropeptide 
JOURNAL  Cancer  Res.  58  (9),  1866-1871  (1998) 

MEDLINE  98240982 
REFERENCE  2  (bases  1  to  1307) 

AUTHORS  North.W.G.  and  Du,J. 

TITLE  Breast  cancer  cells  express  normal  forms  of  all  vasopressin 
receptor  subtypes  plus  an  abnormal  v2  receptor 
JOURNAL  Unpublished 
REFERENCE  3  (bases  1  to  1307) 

AUTHORS  Du,J.  and  North.W.G. 

TITLE  Direct  Submission 

JOURNAL  Submitted  (26-OCT-1998)  Physiology,  Dartmouth  Medical  School,  One 
Medical  Center  Drive,  Lebanon,  NH  03756,  USA 
FEATURES  Location/Qualifiers 

source  1..1307 

/organism="Homo  sapiens" 

/db_xref="taxon  :9606" 

/cell_line="MCF-7" 

/tissue_type="breast  cancer" 

CDS  33. .962 

/note="alternatively  spliced" 

/codon_start=1 

/product="truncated  vasopressin  receptor  type  2" 

/protein_id="AAD1 6445.1 " 

/db_xref="PID:g4323607" 

/db_xref="G  1:4323607" 

/translation="MLMASTTSAVPGHPSLPSLPSNSSQERPLDTRDPLLARAELALL 

SIVFVAVALSNGLVLAALARRGRRGHWAPIHVFIGHLCLADLAVALFQVLPQLAWKAT 

DRFRGPDALCRAVKYLQMVGMYASSYMILAMTLDRHRAICRPMLAYRHGSGAHWNRPV 

LVAWAFSLLLSLPQLFIFAQRNVEGGSGVTDCWACFAEPWGRRTYVTWIALMVFVAPT 

LGIAACQVLIFREIHASLVPGPSERPGGRRRGRRTGSPGEGAHVSAAVAKTVRMTLVI 

VWYVLCWAPFFLVQLWAAWDPEAPLEGGCSRG" 

BASE  COUNT  191a  447  c  405  g  264 1 


ORIGIN 


1  caggccctca  gaacacctgc  cccagcccca  ccatgctcat  ggcgtccacc  acttccgctg 
61  tgcctgggca  tccctctctg  cccagcctgc  ccagcaacag  cagccaggag  aggccactgg 
121  acacccggga  cccgctgcta  gcccgggcgg  agctggcgct  gctctccata  gtctttgtgg 
181  ctgtggccct  gagcaatggc  ctggtgctgg  cggccctagc  tcggcggggc  cggcggggcc 
241  actgggcacc  catacacgtc  ttcattggcc  acttgtgcct  ggccgacctg  gccgtggctc 
301  tgttccaagt  gctgccccag  ctggcctgga  aggccaccga  ccgcttccgt  gggccagatg 
361  ccctgtgtcg  ggccgtgaag  tatctgcaga  tggtgggcat  gtatgcctcc  tcctacatga 
421  tcctggccat  gacgctggac  cgccaccgtg  ccatctgccg  tcccatgctg  gcgtaccgcc 
481  atggaagtgg  ggctcactgg  aaccggccgg  tgctagtggc  ttgggccttc  tcgctccttc 
541  tcagcctgcc  ccagctcttc  atcttcgccc  agcgcaacgt  ggaaggtggc  agcggggtca 
601  ctgactgctg  ggcctgcttt  gcggagccct  ggggccgtcg  cacctatgtc  acctggattg 
661  ccctgatggt  gttcgtggca  cctaccctgg  gtatcgccgc  ctgccaggtg  ctcatcttcc 
721  gggagattca  tgccagtctg  gtgccagggc  catcagagag  gcctgggggg  cgccgcaggg 
781  gacgccggac  aggcagcccc  ggtgagggag  cccacgtgtc  agcagctgtg  gccaagactg 
841  tgaggatgac  gctagtgatt  gtggtcgtct  atgtgctgtg  ctgggcaccc  ttcttcctgg 
901  tgcagctgtg  ggccgcgtgg  gacccggagg  cacctctgga  aggtgggtgt  agccgtggct 
961  agggctgacg  gggccacttg  ggcttggccg  catgcccctg  tgccccacca  gccatcctga 
1021  acccaaccta  gatcctccac  ctccacaggg  gcgccctttg  tgctactcat  gttgctggcc 
1081  agcctcaaca  gctgcaccaa  cccctggatc  tatgcatctt  tcagcagcag  cgtgtcctca 
1141  gagctgcgaa  gcttgctctg  ctgtgcccgg  ggacgcaccc  cacccagcct  gggtccccaa 
1201  gatgagtcct  gcaccaccgc  cagctcctcc  ctggccaagg  acacttcatc  gtgaggagct 
1261  gttgggtgtc  ttgcctctag  aggctttgag  aagctcagct  gccttcc 


the  above  report  in  Macintosh 
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]  format 


Other  Formats:  FASTA  f|  Graphic  f _ 
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LOCUS  AF101727  1201  bp  mRNA  PRI  03-MAR-1999 

DEFINITION  Homo  sapiens  vasopressin  receptor  type  2  mRNA,  complete  cds. 

ACCESSION  AF101727 
NID  g4323604 
VERSION  AF1 01 727.1  GL4323604 
KEYWORDS  . 

SOURCE  human. 

ORGANISM  Homo  sapiens 

Eukaryota;  Metazoa;  Chordata;  Craniata;  Vertebrata;  Mammalia; 

Eutheria;  Primates;  Catarrhini;  Hominidae;  Homo. 

REFERENCE  1  (bases  1  to  1201) 

AUTHORS  North, W.G.,  Fay.M.J.,  Longo,K.A.  and  Du,J. 

TITLE  Expression  of  all  known  vasopressin  receptor  subtypes  by  small  cell 
tumors  implies  a  multifaceted  role  for  this  neuropeptide 
JOURNAL  Cancer  Res.  58  (9),  1866-1871  (1998) 

MEDLINE  98240982 
REFERENCE  2  (bases  1  to  1201) 

AUTHORS  North, W.G.  and  Du,J. 

TITLE  Breast  cancer  cells  express  normal  forms  of  all  vasopressin 
receptor  subtypes  plus  an  abnormal  v2  receptor 
JOURNAL  Unpublished 
REFERENCE  3  (bases  1  to  1201) 

AUTHORS  Du,J.  and  North, W.G. 

TITLE  Direct  Submission 

JOURNAL  Submitted  (26-OCT-1998)  Physiology,  Dartmouth  Medical  School,  One 
Medical  Center  Drive,  Lebanon,  NH  03756,  USA 
FEATURES  Location/Qualifiers 

source  1  ..1201 

/organism="Homo  sapiens" 

/db_xref="taxon:9606" 

/cell_line="MCF-7” 

/tissue_type="breast  cancer" 

CDS  33..1148 

/codon_start=1 

/product="vasopressin  receptor  type  2" 

/protein_id="AAD1 6444.1 " 

/db_xref="PID:g4323605" 

/db_xref="GI:4323605" 

/translation="MLMASTTSAVPGHPSLPSLPSNSSQERPLDTRDPLLARAELALL 
SIVFVAVALSNGLVLAALARRGRRGHWAPIHVFIGHLCLADLAVALFQVLPQLAWKAT 
DRFRGPDALCRAVKYLQMVGMYASSYMILAMTLDRHRAICRPMLAYRHGSGAHWNRPV 
LVAWAFSLLLSLPQLFIFAQRNVEGGSGVTDCWACFAEPWGRRTYVTWIALMVFVAPT 
LGIAACQVLIFREIHASLVPGPSERPGGRRRGRRTGSPGEGAHVSAAVAKTVRMTLVI 
WVYVLCWAP  FFLVQLWAAWD  P  EAP  LEG  AP  FVLLM  LLASLNSCTNPWI YASFSSSVSS 
ELRSLLCCARGRTPPSLGPQDESCTTASSSLAKDTSS" 

BASE  COUNT  174  a  407  c  375  g  245 1 
ORIGIN 


1  caggccctca  gaacacctgc  cccagcccca  ccatgctcat  ggcgtccacc  acttccgctg 
61  tgcctgggca  tccctctctg  cccagcctgc  ccagcaacag  cagccaggag  aggccactgg 
121  acacccggga  cccgctgcta  gcccgggcgg  agctggcgct  gctctccata  gtctttgtgg 
181  ctgtggccct  gagcaatggc  ctggtgctgg  cggccctagc  tcggcggggc  cggcggggcc 
241  actgggcacc  catacacgtc  ttcattggcc  acttgtgcct  ggccgacctg  gccgtggctc 
301  tgttccaagt  gctgccccag  ctggcctgga  aggccaccga  ccgcttccgt  gggccagatg 
361  ccctgtgtcg  ggccgtgaag  tatctgcaga  tggtgggcat  gtatgcctcc  tcctacatga 
421  tcctggccat  gacgctggac  cgccaccgtg  ccatctgccg  tcccatgctg  gcgtaccgcc 
481  atggaagtgg  ggctcactgg  aaccggccgg  tgctagtggc  ttgggccttc  tcgctccttc 
541  tcagcctgcc  ccagctcttc  atcttcgccc  agcgcaacgt  ggaaggtggc  agcggggtca 
601  ctgactgctg  ggcctgcttt  gcggagccct  ggggccgtcg  cacctatgtc  acctggattg 
661  ccctgatggt  gttcgtggca  cctaccctgg  gtatcgccgc  ctgccaggtg  ctcatcttcc 
721  gggagattca  tgccagtctg  gtgccagggc  catcagagag  gcctgggggg  cgccgcaggg 
781  gacgccggac  aggcagcccc  ggtgagggag  cccacgtgtc  agcagctgtg  gccaagactg 
841  tgaggatgac  gctagtgatt  gtggtcgtct  atgtgctgtg  ctgggcaccc  ttcttcctgg 
901  tgcagctgtg  ggccgcgtgg  gacccggagg  cacctctgga  aggggcgccc  tttgtgctac 
961  tcatgttgct  ggccagcctc  aacagctgca  ccaacccctg  gatctatgca  tctttcagca 
1021  gcagcgtgtc  ctcagagctg  cgaagcttgc  tctgctgtgc  ccggggacgc  accccaccca 
1081  gcctgggtcc  ccaagatgag  tcctgcacca  ccgccagctc  ctccctggcc  aaggacactt 
1141  catcgtgagg  agctgttggg  tgtcttgcct  ctagaggctt  tgagaagctc  agctgccttc 
1201  c 
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Western  Analysis  of  Vasopressin  Receptors  in  MCF-7  Breast  Cancer  Cells 


